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PREFACE. 



The tables and problems here published are a reprint, for the most part 
of the azimuth tables which have been published in the first three years' 
issues of the '' New^ealand Nautical Almanac." 

Tables D and G are nox^ reprinted and brought up to date from the 
writer's original tables published in 1883, and Tables A, G, and D have 
been extended from 60° to 85° of latitude. This will meet the needs 
of Arctic and Antarctic explorers, as well as the traders to such places 
as Archangel. Some years ago the writer promised Captain Liddle, 
who was then trading to Archangel, that he would extend his tables 
tp latitude 72° to meet the needs of those trading in these 
high latitudes, outside the limits of the ordinary azimuth tables. 
With this extension they now constitute the most complete and com- 
prehensive azimuth tables yet submitted to the seafaring community, 
giving with great simplicity sufficient accuracy to meet even the re- 
quirements of the extra-masters' examination. By the aid of Tables A, 
B, and G (when the hour-angle is known) the true bearing of the sun, 
moon, planets, and fifty-one of the brightest stars may be found in a 
couple of minutes at any hour of the day or night by the use of only about 
half a dozen figures. 

As requests have been made from candidates for examination for 
permission to use these A, B, and G tables for solving some of the pro- 
blems in the examination for masters and mates, and recommendations 
havQ been made for their use in the local examinations in New Zealand, 
these tables are now published separately, and, for the sake of giving the 
azimuth with greater precision for examination purposes, the factors are 
given in Tables A and B to three places of decimals when hour-angles are 
between four and eight hours, except in the very high latitudes, where 
so many decimals are unnecessary. 

The comprehensiveness of the A, B, and G tables for azimuth 
purposes is simply marvellous. They cover. only forty-two pages, and 
give not only all the azimuths of the above-mentioned heavenly bodies 
comprised in the four large tables of inspection (which cover several 
hundred pages), but also a considerable number of azimuths which are 
outside the limits of the larger tables. They are therefore especially 
valuable for use in the "Sumner" and'* double altitude" problems, 
where the large azimuth tables omit to give the azimuth when the body 
is near either the upper or lower meridian. It was this omission (which 
is especially felt in low latitudes) which first led the writer to calculate 
and publish his original A and B azimuth tables. When the price of 
the large azimuth tables is taken into consideration (Burdwood's and 
Davis's for the sun, and Davis's and Goodwin's for the higher-declination 
stars), amounting altogether to £1 13s., the boon to navigators in the 
price only, apart from the much greater extent of limit comprised in these 
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small tables, must^ I think, be recognised and appreoiated by those who 
have only moderate means. 

In the writer's old A and B tables the factors throughout were 
given to three places of decimals for the sake of being able to show that 
these tables would give the azimuth as accurately as the large tables of 
inspection. He has, however, often regretted having given the three 
places of decimals in the smaller hour-angles, as it makes interpolation at 
sight more difficult, and the azimuth is obtained with sufficient accuracy 
for practical purposes without it. . In this edition three places of decimals 
have been given wherever necessary to give sufficient accuracy for ex- 
amination purposes. Even in the Board of Trade extra-masters' exami- 
nation any azimuth tables which give the azimuth correctly within half a 
degree may be used in the time-azimuth problem. These tables will 
nearly always give the azimuth correctly within 0-1° of the truth. To 
insure the most rigid accuracy in the second place of decimals, whenever 
the third place of decimals in the writer's old table came to 5 a fresh 
calculation has been made. In the parts where three places of decimals 
have been given, new calculations have been made and compared with 
the old tables. 

In Table B all the stars not less bright than 10 magnitude have been 
computed separately for their actual declinations for the epoch 1910 ; and, 
as their annual change of declination is so small, these factors will be 
sufficiently accurate for all practical purposes for the next thirty or forty 
years, and no interpolation for declination will be needed. 

The whole of Table G has been newly calculated on the lines of the 
late Mr. W. H. Eosser's table published in ** Norie's Epitome," but this 
table (including latitudes to 85°) contains more than eight times the 
number of his computations, for the sake of giving greater accuracy and 
less interpolation. This plan will, I believe, be more popular with most 
navigators than that previously given in the writer's old table, as the 
azimuth is taken out more directly, and quite accurately enough for all 
practical purposes. 

Tables A and B have been worked to five places of decimals where 
necessary, and Tables and C, though only given to the nearest decimal 
of a degree, have been calculated throughout to the nearest decimal of a 
.minute for the sake of accurate checking by differences. 

Table D has also been checked from the writer's old calculations, 
and, where necessary, seven-figure logarithms have been used to deter- 
mine fine points ; otherwise, with the exception of changed heading and 
the addition of two pages, giving latitudes from 61° to 86°, it remains the 
. same as when first published in 1883. 

Table A, from latitude 61° to 82°, was calculated with great care 
by Captain Thomas Liddle, who very kindly sent to the writer 'the 
whole of his work. This was carefully compared by the writer 
with his own calculations. Throughout the compilation of the whole of 
these tables such minute care has been taken and rigid accuracy aimed 
at that the writer has good reason for believing that not one factor in a 
thousand will be found in the slightest degree in error. 

An important feature in this work, which the writer believes he 

was the first to introduce, and which should prove a boon to navigators, 

is the method here presented of working the '' Sumner" problem on a 

^ plane chart in connection with these tables. This method is much 



shorter thaa that usually taught in the navigation sphools in pre- 
paration for the Board of Trade examinations, and at the same time 
it gives greater accuracy, especially when the plan which is here 
advocated is adopted, of combining the ex-meridian and chronometer 
observations when one of the bodies observed is near the meridian ; and 
it has the great advantage of only requiring one chart, instead of having 
to carry about " Sumner" charts for every change of latitude N. and 8. 
of the Equator. The Marine Department of the New Zealand Govern- 
ment has published some very accurate charts on ia convenient scale for 
this purpose. 

As the request from the New Zealand Government to the Board of 
Trade to allow the use of these tables, and improved ** Sumner*' method for 
solving the " Sumner " and *'* double altitude '* problems, in the N6w Zealand 
examination for masters and mates was not granted, two examples have 
been clearly worked and plotted on the chart (see pages 75 and 80)^ — one 6f 
two observations of the sun as given in the masters' and mates' examina- 
tions, and the other of observations of two different stars as given in the 
extra-masters' examination. These examples illustrate the possible 
errors that may arise from the old method. This error is especially 
aggravated in low latitudes, where in the summer months one of the 
altitudes must always be great, and often within half an hour of the 
meridian. The error in such cases would sometimes amount to' 6 or 7 
minutes of latitude. The summer months, too, in these latitudes are 
generally the rainy season, when double altitudes are ino^t needed. 
We trust that after further perusal and trial of these tables and the 
methods here advocated the Board of Trade may see fit to alter their 
decision, especially as the tables are now printed separately from the 
"** New Zealand Nautical Almanac." 

Although the examples above mentioned are purposely exceptional 
ones, for the sake of better illustration, smaller errors will often arise if 
the method at present used by the Board of Trade for the masters* and 
mates' examinations is always adopted. Many an opportunity of deter- 
mining the ship's position is lost owing to the impression among many 
navigators that the ** Sumner" method is not of value when one of tUe 
observations is within, or a little outside of, the ordinary ex-meridian 
limits. At other times a false confidence is encouraged about the accu- 
racy of the ship's position by trusting too implicitly to the latitude by ex- 
raeridian following a chronometer observation for longitude, without due 
regard to the bearing when the first observation was taken. 

An example from *' Norie's Navigation " (the best-known epitome of 
navigation in the world) will illustrate both these contentions. On pages 
368 and 369 of the 1900 edition an example is given of a longitude by 
chronometer at 8h. 45m. a.m., and an ex-meridian at lib. 30m. a.m. 
At the close of the work the editor says, ** Since by reference to the 
table, page 309, the hour-angle of the second observation is within the limits 
of the reduction to the meridian, it follows that the latitude found will be 
the correct latitude, unless the latitude and longitude used in the cal- 
culation are both very erroneous." He seems to have ignored the 
fact that when the first observation was taken the sun was riot on, or 
even near, the prime vertical (and never is in the winter months in high 
latitudes), and therefore the lime resiil ting from this observation wg,8 
more than 1 minute iti error; and, although the sun was only 8^° from 
the meridian when the second observation was taken, the resulting posi- 
tion was over 2' in error in the latitude arid ab^iit 2J' in error ii^ the 
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longitude from the position given, and which the reader might naturalljr 
infer was correct. The editor afterwards goes on to say that '* if the 
second observation had not been within the Hmits of the table on page 309,. 
and the azimuth had been small, or if the estimated latitude and longi- 
tude had been very erroneous, neither the latitude nor the longitude could 
have been found with any degree, of accuracy by the ordinary methods. 
Now what is termed the ' new navigation ' may prove useful/' As this 
closes the chapter in **Norie" on the ** Sumner" method, in which ia 
included the above-mentioned example of finding position by chronometer 
longitude and an ex-meridian, it is presumed that these are what are 
referred to as the ** ordinary methods." 

Now, the author maintains that if the ''Sumner" method is dealt 
with in a practical way, either as advocated in these pages by numerous- 
examples, or as given in the ** American Practical Navigator," by Bow- 
ditch, revised by Lieut. G. W. Logan, U.S. Navy, the "Sumner" posi- 
tion will give quite as accurate results as by the method which is termed 
the ''new navigation," and he ventures to believe that this method, too,, 
will be easier for most men to grasp. He guarantees that he will take 
any of the double-altitude or simultaneous-altitude problems out of the 
numerous examples given in Captain Thompson's "Navigation Simpli- 
fied" (which we may presume are fair specimens of the problems given 
at the Board of Trade examinations) and by the methods here pre- 
sented, by the aid of these tables, either with or without the aid of 
chart, will find the position of ship with similar accuracy to that ob- 
tained by the most rigorous methods of trigonometry, and well within 
the limit of accuracy required in the extra-masters' examination. 
His contention is that the papers set in the examination-room should 
above all things tend to make men better practical navigators, and he 
believes that any impartial judge must admit that the methods advocated 
in these pages for the " Sumner " problem are superior in many points to 
that which is at present encouraged by the Board of Trade examinations. 
The advantages may be thus summarised : (1) Greater accuracy ; (2) fewer 
figures, and consequently less time required for the work ; (3) one chart 
does for any navigable latitude ; and (4) many observations which would 
be considered useless for the ordinary " Sumner " give excellent results 
. with even fewer figures by combining ex-meridian and chronometer obser- 
vations together, as illustrated in this work by various examples. Most 
ofl&cers pa6s the examination for master many years before they get com- 
mand, and it is hardly to be expected that they will keep a supply of 
" Sumner" charts for the various latitudes that they trade in; conse- 
quently the practice of this method, which they have learnt for their 
examination, is sure to be neglected. The writer, speaking for himself, can 
testify that he never used it at sea, though, much to his regret, for more 
than ten years he has had to teach it or examine candidates in their 
knowledge of it. 

Very shortly after the publication of the writer's first edition of the 
A and B azimuth tables the late Mr. W. H. Rosser published abridged 
'A, B, and C tabW for the same purpose, and afterwards slightly ex- 
tendisd them for publication in " Norie's Epitome." They are excellent 
tables, and very eohcise, but even as enlarged in "Norie" require in 
most places considerable interpolation, the time-interval being sometimes 
'20 minutes and 30 minutes apart, which naturally could not admit of as 
much Accuracy as a fuller table. A few years later Captain Lecky asked 
■ and obtained the writer's permission to publish the A and B azimuth 
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tables in his famous ''Wrinkles." Captain Lecky then extended and 
improved them, and later on published them in a separate book with 
further extensions and improvements, showing how the tables can be 
used for quite a number of navigational problems. 

In closing, the author has much pleasure in acknowledging the kind 
help voluntarily tendered to him by Captain Thomas Liddle, and in 
thanking him for his disinterested labours in the calculation of much of 
the extension of these tables. But for his perseverance in continuing to 
urge the writer to extend his tables it is very improbable that they would 
ever have been published in their present revised form. He would also 
like to thank the Hon. Mr. Hall- Jones, Minister of Marine, and the New 
Zealand Government for valuable clerical assistance in the compilation of 
•a portion of these tables, for the confidence they have reposed in him, 
and for their liberality and public spirit in the interest of navigation all 
over the world in thus publishing an extension of navigational tables far 
beyond the limits of New Zealand's own trade. 

H. S. BLACKBURNE. 
April, 1906. 



PREFACE TO SECOND EDITION, 



In issuing a second edition of these tables I have tried still further to 
extend their comprehensiveness, so that they now include not only every 
navigable latitude, but also practically every star in the heavens. 

Six pages have been added to Table B, giving every degree of decli- 
nation from 30° to 85°. This has been done especially for the sake of 
giving a wider range of limit when using the azimuth tables for finding 
the great-circle courses on the globe. At the same time it makes the 
tables more complete than ever for stellar navigation, or for use in the 
Board of Trade examinations, when, by and by, permission will, I trust, 
be granted to candidates to use them. 

Two pages have been added to Table D to make this table also com- 
plete for every degree of azimuth, and all latitudes between 85° N. and 
85° S. 

Mr. H. B. Goodwin, E.N., has drawn my attention to the valiie of 
this table also as an azimuth table, when both the altitude and time are 
given, and I have in this edition given his rule and an example for using 
it in this direction, as well as explaining the purposes for which it was 
first calculated. 

The two additional pages were calculated especially on account of 
making the table more complete as an azimuth table. The possessor of 
the book can make his own choice as to whether he uses Table D, or 
Tables A, B, and C, in the calculation of azimuths. Probably, he will 
find D the handiest when the body is near the meridian, and, as 
its accuracy depends principally on the altitude, it will give a more 
accurate azimuth than the time-azimuth tables when the D.B. latitude 
used in the calculation of the time is incorrect, while the other tables 
will certainly give greater accuracy without any trouble as to the 
naming of the azimuth when the body is near the prime vertical. It is 
not, therefore, recommended that Table D should be used for azimuth 
purposes when the object of observation is too near the prime vertical, as 
close accuracy cannot then be expected, and there will then ^sometimes 
be uncertainty as to the naming of the bearing. 

I have to thank the Hon. J. A. Millar, Minister of Marine, and the 
New Zealand Government for valuable clerical assistance in the com- 
pilation of a portion of the work, and for their public spirit in the interest 
of navigation in sanctioning the publication of this further extension of 
of my tables. 

HAIiOLD S. BLACKBDRNE. 

Wellington, New Zealand, 
January, 1908. 
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PEEFACE TO NEW EDITION. 



These tables, as now presented to the public, comprise, we believe, the most 
-complete and comprehensive azimuth and ex-meridian- tables yet published ; 
the true bearing of any heavenly body at any hour-angle can be obtained 
- by the aid of these tables with only about half a dozen figures, and in some 
-cases at sight; ex- meridian tables extend up to any altitude and up to 
two hours from the meridian for hodieshelow, as well .as above, the Pole, and 
both azimuth and ex-meridian tables include every zone of latitude between 
Sb^ N. and 85° S. for practically every celestial body in the heavens. 

. ' Most ex-meridian tables are confined to the observation near the upper 
meridian. O^e of the latest and best of such works, Davis's splendid tables, 
IS no exceptibn to this rule. We have therefore endeavoured to make up 
ior this omission by special calculation of the reduction correction from the 
iriferior transit. The reduction corrections and azimuths of seventeen of 
the' brightest circumpolar stars have been calculated to 75 minutes from 
the helow-^o\e meridian, and for a iev^ of the very bright circumpolar stars 
the azimuth has been calculated for every 2 minutes up to 3 hours from the 
meridian. ' 

To take full advantage of the method the writer has of late been advo- 
•cating — working the " Sumner " by combining ex-meridians with the chrono- 
meter observation, or by two ex-meridians — he felt obliged to draw atten- 
tion to what he believed were some of the best and inost popular ex- meridian 
tables ; but to his regret he afterwards found that one of the works which 
he had recommended sometimes gave the reduction at extreme limits of the 
table over 3 minutes in error: It is needless to say that after finding this out 
■ he did not in fixture editions recommend this work. 

Considering this, and the somewhat confined limits of niost of the ex- 
meridian tables, the writer felt that there was a need for the work here given, 

' «nd the very kind offer of Mr. Westland to assist in the work decided him to 
^attempt it ; indeed, but for Mr. Westland' s urging on to the work and offer 
to calculate for the writer a table of extensive limits in small space, it is 
unlikely that this work would eyer have been begim. The only ex-meridian 
tables which are at the present time allowed to candidates in the Board of 
Trade examinations are Towson's and Raper's. These tables are limited 
to declinations 23° N. and 23° S., which the wTiter contends is not keeping 
up to date with the present-day requirements of stellar navigation. The 
iormula of calculation allowed and most of ten used in the Board of Trade 
jexaminations will only give a correct latitude when the body observed 
is fairly close to the meridian, and, if used as advocated in this work for 
lacilitating the '* Sumner " problem, would often cause considerable error 
.in the>rjesulting position. .Tiie immense labour involved in the calculation 

iSof these tables has been .gladly undertaken by the authors in the hope that 
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they may be the means of helping forward the growing practice among: 
careful navigators of systematic stellar observations, and by so doing helping, 
to save many lives and ships from destruction. The writer has already 
received one letter from a shipmaster command ng a large mail-steamer 
acknowledging his indebtedness to him in this direction, and he is convinced 
from long experience that many lives and ships would be saved and much 
time gained if the owners made it compulsory on' their officers to obtain a 
position by stellar observations soon after sunset whenever they were ablfr 
to do so. If the Board of Trade could see their way to giving this problem 
in the examination for masters and mates, allowing these or any other tabW 
that the candidate might prefer for facilitating the work, the problem would. 
soon become popular and familiar to officers generally. The '< Sumner " 
problem has done good service for many years, but, as the writer has already 
pointed out and fflustrated in the previously published part of this work 
(see pp. vii and viii), the method of calculation tequired for the examination- 
room is too long for the problem ever to become popular. The difficulty 
about the chart is also against it, and with the present-day speed of ships^ 
the problem as worked for the Board of Trade examination is liable to giv& 
erroneous results (see pp. 75 and 80). The improved " Sumner " method 
as given in this work is very considerably shorter, and more accurate, and. 
by the aid of these tables one plane chart only is necessary for any latitude 
between 85° N. and 85® 8., or, if preferred, the chart may be dispensed with 
altogether. The tables are also available not only for the sun but also- 
for all other heavenly bodies.- At the present time the " Sumner " problem 
is only given for sun observations in the ordinary examinations for masters^ 
and mates. This observation can never give anything like the accuracy 
obtained by simultaneous observations of two or three stars shortly after 
sunset. To further impress on the authorities the benefit of instilling into^ 
navigators a knowledge of the shortest and simplest methods of finding the^ 
place of sh p, a quotation from the preface to Raper's Navigation wfll h& 
helpful : 

" Those who have been brought up to the sea and who have experienced 
the distaste for long calculations which that kind of life inspires will not 
hesitate to admit that the only means of inducing seamen generally to profit 
by the numeroiis occasions which ofier themselves for finding the place of 
the ship is extreme brevity of solution. It is not, however, merely as a con- 
cession to indolence that rules should be made as easy and simple as possible r 
the nature of a sea life demands that every exertion should be made Uy 
abridge computation which has often to be conducted in circumstances of 
danger, anxiety, or. fatigue, and so to separate the several points that the- 
seaman may be referred directly to what concerns his case, to the exclusion 
of all other matter." 

Vlthough at the present time tliese tables are not allowed in solving the- 
time azimuth problems in the Board of Trade Examinations for Masters- 
and Mates, candidates in the New Zealand local Examinations for Home 
Trade Master nearly always use them in solving this problem in preiEerence 
to Burdwood's tables, though the choice of both tables is always given to 
them, and no azimuths are ever given to them which are outside the range of 
Burdwood's tables. 

I do not know how to sufficiently thank Mr. Charles Westland for hia 
very able, laborious, and gratuitous help in the calculation of these tables. 
His only reward is the satisfaction of doing something which we trust will 
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be a benefit and comfort to the general seafaring community, and may be 
-fche means of saving some lives and valuable property. 

In closing, the writer would respectfully urge the Board of Trade to 
billow candidates in the examinations for masters and mates to use these 
tables and the plane charts in solving the " Sumner " problem, as also for 
azimuths, ex-meridians, and great-circle-sailing courses. By doing so he 
believes they would help greatly in making position-finding of the ship 
popular, as the great majority of ship officers will only trouble to learn 
what is given in the Board of Trade examinations. He would point out that 
the latitude obtained from these ex-meridian tables will give a true result 
at distances from the meridian, which would give an error of half a dozen 
miles or more if the problem were calculated by the formula which is 
-accepted and generally used by candidates in the Board of Trade examina- 
tions. 

H. S. BLACKBURNE. 

June. 1908 
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^EXPLANATION OF TABLES. 



The A, B, and C Azimuth Tables. 

Tables A and B are used in combination — (i) for finding the error of the longitude 
■due to an error of one minute (i') of latitude, and (2) by the aid of Table C to find the 
azimuth or true bearing of celestial objects. 

Enter Table A with the hour-angle and latitude, and Table B with the hour-angle and 
•declination, naming the factors taken from these tables according to the following rule : — 

For Table A — When hour-angle is less than 6 hours, name the factors taken from 
this table contrary to name of latitude. 

When hour-angle is greater than 6 hours, name the factors taken from Table A the 
^ame as the name of the latitude. 

For Table B — Always name the factors taken from Table B the same as the name 
of declination. 

Add like and subtract unlike names. The sum or difference then of the factors 
from A and B will be the difference of longitude correction due to i' of error in the 
latitude. The correction must be named according to the name of the greater factor. 

The direction of this longitude correction (or the position-line, as it may be 
termed) is found by keeping the name thus obtained, and reversing the name of the 
object's bearing E. or W. of meridian. 

For the Azimuth— ^\i\i the A and B cor. thus found and named, enter Table C with 
the latitude and this cor. ; the corresponding azimuth is then taken out direct, and is 
.^ven to the nearest decimal of a degree. It is named N. or S. according to the name 
of the cor., and East or West as the hour-angle is east or west of the meridian. The 
azimuth with these tables never exceeds 90°. This saves the trouble (which also 
confuses some when using the large azimuth tables) of having to subtract the azimuth 
taken out from 180°, and change the name of azimuth. 



Formulae used in their Calculation. 

A = tang of latitude x cotang of hour-angle. 
B =s tang of declination x cosec of hour -angle. 

vFor C "Azimuths," cot azim. = cor. x cos latitude, where cor. is the result of 
the sum or diff. of A and B. 

For C* " Position-lines," tan position-line « correction. 

Interpolation. 

When it is deemed necessary to interpolate, this can usually be done at sight, 
except for the hour-angles up to the first hour from the meridian, and in a high latitude 
up to the second hour from the meridian. 

For Table A, when both time and latitude are nearly midway between that given 
in the table, interpolate diagonally ; for example, lat. 40° 30', hour-angle 2h. 22 m., it 
■will be seen at a glance that 1*20 is the correct factor. For Table B there is no 
appreciable difference in 4 m. of time (except in the very small hour-angles), and it is 
therefore only necessary to interpolate vertically for the fraction of the degrees of 
<ieclination. For the bright stars no interpolation is necessary even for the declination, 
as the declination of a star does not appreciably change for many years, and the factors 
are here calculated for the stars' declination corresponding to the year 1910. For both 
Tables A and B the interpolation of the small hour-angles up to i hour should be 
■effected by dividing the quantity given at i m. by the number of minutes that the body 
observed is from the meridian. The variation to i' pi latitude at oh. i m. is given to 
assist in the interpolation for the odd minutes of latitude, in case surveyorslor others 
should require a very accurate azimuth. 

1— Az. 
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The following example will illustrate how the interpolatioD may here be efifected : — 
Lat. 40° 36', H.A. o h. 10 m. : required the azimuth. 

Lat. 40° at oh. I m. A. = 192*3' var. to i' of lat. = 6*82" or 682' to 1° of lat. 
Cor. to 36' = + 4-1 

36' ^ 06° X 6-82' = 4-09' 

10 )i96*4 



Lat. 40° 36' = 19-64 = from Table C Az. 3-8° 

If greater accuracy is required, 19*64' x cos lat. 40° 36' gives cot az. 3° 50' :- 
19*64' log 1-2931 
40° 36' cos 98804 



3° 50' cot 1 1 1735 



Example to find the Difference of Longitude due to Error in THJt 

Latitude. 

In lat. by D.R. 16° 30' N., hour-angle 2 h. 44 m. E. and O's declination n° S., the 
longitude was found to be 40° 50' E. Required the longitude, in latitude 16° 38' N,^ 
the latitude previously worked with having been found to be 8' in error. 

A = -34' S. 

B = -30' S. 

Sum -64' S. to W. = cor. or error in the longitude due to 
Lat. found to be 8' N. of D.R. 8 i' of error in the latitude. 

5*12' X 6 



Cor. to 8' of lat. .. .. 5' 7*2" S. to W. or N. to E. 

Lat. 16° 30' N. gives long. 40 50 o E. 
Cor. due to 8' of lat. 05 7 E. 

Lat. 16° 38' N. gives long. 40 55 7 E. 



Knowing the error of longitude due to an error of i' of latitude, we have the 
means ready at hand of quickly determining both the latitude and longitude when two 
suitable observations have been taken of celestial objects. 

This may be effected either by plotting the two positions and position-lines on the 
chart, which is the ordinary " Sumner " problem (worked with only two instead of the 
usual four hour-angles), or the position may be found even more expeditiously by simple 
proportion. 

The actual trend of the position-line for plotting on the plane chart iliay be found 
from Table C^, attending to the rule there given ; or, by subtracting the azimuth as^ 
found from Table C from 90°, and reversing the name of the object's bearing, the true 
position-line will be found for plotting on a Mercator chart. 

Any single observation, whether on or near the meridian, or prime vertical, or any 
other bearing, simply gives a position as being somewhere on a line of bearing at right 
angles to the bearing of object* If a second observation is taken after the body 
has changed its bearing, or another body is observed at the same time having a. 
different bearing, we get another line of position, and the intersection of the two 
position-lines will give the latitude and longitude of the observer. Without the trouble 
of putting the position on the chart, the same principle may be worked out by a. 
little proportion sum. 

The three elements used in finding the time or longitude are latitude, altitude, and 
declination. If these three elements are correctly known, the same time or the same 
longitude will be found by every celestial body observed, whatever the bearing may be. 
If, therefore, the declination and altitude are correctly known, any difference of 
longitude found, resulting from the observation of different bodies (or the same body 
after an interval of time between the observations), must be due to error in the latitude,. 

The error in longitude due to i' error of latitude is given by the A and B Tables. 
It becomes, therefore, a simple matter of proportion to find the correction to apply to- 
the latitude used in finding the longitude. Say the longitudes resulting from the 
observation of two different stars are 15' apart, and with star No. i every i' north of 
latitude tnrows the longitude o*8' more to the east, with star No. 2 every i' north of 




3 

latitude throws the longitude 1*2' more to the west, then every i' of error in the 
latitude will throw the longitudes 2' apart, and the error of latitude will be found by the 
proportion 2' d. long. : 15' d. long. : : i' lat. : 7J' lat. 

This would be represented on the chart by the accompanying figure. 

The writer has found the ship's position by 
this method many hundreds of times, and finds 
that he gets a more accurate latitude in this way 
than even by the meridian altitude, experience 
having shown that although an altitude may 
often be slightly in error, yet a correct difference 
in altitude is generally measured, or the same 

amount of error will generally be thrown into 

both observations, and when this is the case (if T^j d lonq IS ' 

the observations are suitably chosen) small errors " 

in altitude practically make no difference in the latitude. Observations which havs been 

taken in the quicksilver of two stars not near the meridian, or of two sun observations 

with a suitable interval of time between them, have generally given the latitude within 

o'l' of the truth, when taken where the position of places has been accurately known. 

Table C— Position-lines. 

Table C* gives the position-lines corresponding to the A and B correction at any 
time for plotting on a plane scale chart. By the aid of this small table any one pos-^ 
sessing a protractor rule with the ordinary diagonal, or any other scale of inches, can 
plot the " Sumner" position in his sig|ht-book with even greater accuracy than he could 
obtain it from the ordinary " Sumner " Mercator charts. The table does not give the 
true geographical lines of position, but lines of position which will give the same result 
as to latitude and longitude on a plane chart as the true lines of position would give on 
a Mercator chart. See instruction at foot of page under the table (p. 48). 



Table D.— Altitude and Time Azimutb Table, showing the Error produced, 
in the Time or Longitude by an Error of 1' in the Altitude. 

This table gives best results for azimuth when body is near the meridian. It will 
not give accurate results when body is near the prime vertical, and there is then 
uncertainty as to naming the azimuth N. or S. of the prime vertical. 

Rule for finding the Azimuth. 

With H.A. as Az. and decl. as lat., go to Table D. 

Take out co efficient ; call it M. 

With alt. as lat. and M., take out Az. at top or side. 

Example (see p. 81) :— Alt. 84°, lat. 51^° N.. H.A. o^ i6J»n. decl. 46° N. 

Lat. (dec.) 46° N., Az. (H.A.) \t\^ = 4-1°, M. = 85-2. 
Lat. (alt.) 84°, and M. 85-2 gives Az. 26^°. 

Table D will be found very useful in working out separately a set of observa^ 
tions, both with artificial horizon and at sea ; or for working out another person's- 
observations, taken within a few minutes of the same time. It also shows at sight the 
degree of dependence of any observation. And if at any time it is found that an 
erroneous altitude has been worked with, the longitude will readily be corrected by this 
table,- a greater altitude giving a smaller hour-angle, or with a.m. sights a greater 
altitude making the longitude more to the eastward, and a lesser altitude making the 
longitude more to the westward — vice versa with p.m. sights. 

It will also be found useful when taking time azimuths by the sun or stars (when 
altitude is low) for readily obtaining the correct hour-angle, as in the following 
example: Lat. 20° N., * Arcturus bearing N. 71° E. (true), altitude 5°. Table D at 
lat. 20° and azimuth 71° gives 45 m. of time to 1° change of alt. Table 26 (Raper), lat. 
20° N., decl. 20° N., gives * 's hour-angle at rising or setting 6h. 30m 

4-5m. X 5°= -22* 

*'sH.A. at 5° =6 7i 



The results of the table can be easily found by inspection from the traverse table. 
At the Equator, when the sun or any other heavenly body is on the prime vertical, it 
moves at the rate of i° in 4 m., or z' in a s. of time ; and, in any other latitude, when the 
■sun is on the prime vertical, the ratio 01 its movement will be dep. : diflf. long. Having, 
then, the rate of movement in any latitude on the prime vertical, the rate of movement 
on any other bearing may be found by the traverse table. 

Example. ^In latitude 30°, and o's bearing N. 63° E., required the rate at which 
it moves. In latitude 30°, against 4 in D. lat. column, is 4-62 in dist. column ; with 
O's bearing 63°, and 4*62 in dep. column, we have 5- 18 in distance column = 518s. to 
I ' of altitude. 

The following formula was used in the calculation of the table: D = secant of 
latitude x cosecant of azimuth x 4. 

Further examples in the use of the table are given on page 95. 

Table E. 

This table (the upper half for the sun, and the lower half for the stars) gives the 
lump correction to apply to their observed altitudes, involving for the sun dip, refrac- 
tion, semidiameter, and parallax, and for the stars dip and refraction. 

As the correction for very small altitudes changes rapidly, the correction of the 
sun for a height of 33 ft. (a good average height for the observer on present-day ocean 
steamers) has been given between 3° and 11° 30' for every few minutes of altitude. 

Table F.— Accelerafion Table. 

This table is used for converting intervals of mean solar time into equivalent 
intervals of sidereal time. The seconds column which is given in most navigational 
tabular works has here been omitted for the sake of space, and because it is considered 
•quite unnecessary in ordinary practical navigation. In practical navigation it becomes 
necessary in nearly all the problems where stars are used to convert mean solar time 
into sidereal time, as, for instance, in the time azimuth, longitude by chronometer, and 
the ex- meridian problems. In these problems the time is generally taken by a chrono- 
meter keeping mean solar time, and to compare this with the sidereal time found by the 
stellar observation it must be reduced to sidereal time. 

Examples will be found among some of the worked-out problems which follow the 
tables in this book. 

Table G— Star Polaris Azimuth Table. 

This table is useful especially in latitudes between 15° N. and 30° N., as, for 
instance, in the Red Sea. In a high latitude the altitude will be too high for compass- 
•correction work, and it is not therefore given beyond 60° of latitude. 

Examples in the use of table are given later on in this book. 

The table has been calculated for stars' declination in 1910— viz., 88° 49-' 33"*57 N. 

The Mean Places of Fifty-one of the Brightest Stars, in order of Right 
Ascension, for 1st January, 1908. 

On page 5 the mean places of fifty-one of the brightest stars are given, in the order 
-of their right ascension, for the ist January, 1908. In the column headed " Mag." the 
adopted unit of brightness is designated 10, The magnitudes of stars are determined 
to tenths of a magnitude with reference to this adopted unit. The magnitudes of the 
ten stars brighter than the unit are indicated by figures less than 10: thus, the value 
03 for Arcturus indicates that that star is seven-tenths of a magnitude brighter than 
the unit; the value —1*4 for Sirius that it is 24 magnitudes brighter than the unit. 
As the right ascensions and declinations of the stars do not change uniformly through- 
out the year, the correction for intermediate months cannot be made accurately by 
multiplying the annual change by a fraction of the year ; but the change is so small 
that for navigational purposes at sea the right ascensions and declinations here given 
may be used without appreciable error for azimuths and latitudes, and even for longitude 
the error due to using these elements would seldom exceed a mile. When accuracy is 
required the navigator should use the " Admiralty Nautical Almanac," where the right 
ascensions and declinations of these and many other stars are given very minutely for 
-every ten days throughout the year. 



THE MEAN PLACES OP 61 OP THE BRIGHTEST STARS 

IN ORDER OF RIGHT ASCENSION, 

FOR !■« JAMaART, 1906. 





Star's 


Name. 


Mag. 


Right 
Ascension. 


11 


Declination. 


It 










H. M. S. 


s. 


e t II 


It 




a Andromedn 


(Alpheratz) .. 


2*1 


3 37*8 


-f-3"i 


N. 28 34 57 


+20 




jS Ceti 


(Deneb Kaitos) 


2-2 


38 553 


30 


S. 18 29 29 


-20 




a Eridani 


(Achemar) . , 


0-5 


I 34 17-3 


2-2 


S. 57 42 15 


-18 




a Anetis 


(Hamal) 


22 


2 I 590 


3> 


N. 23 I 40 


+17 




a Persei 


(Mirfak) 


1-9 


3 17 449 


43 


N. 49 32 4 


+13 




a Tauri 


Aldebaran) .. 


i-i 


4 30 384 


+ 3-4 • 


N. 16 19 30 


+ 8 




a Aurigae 


iCapella) .. . .. 


0-2 


5 9 535 


4'4 


N. 45 54 19 


+ 4 




j8 Orionis 


iRigel) 


03 


5 to 70 


29 


S. 8 18 27 


— 4 




7 Orionis 


1 Bellatrix) .. 
(Nath) 


17 


5 20 II-8 


32 


N. 6 16 I 


+ 3 




j8 Tauri 


1-8 


5 20 28-6 


3-8 


N. 28 31 49 


+ 3 




e Orionis 


(Alnilam) 


17 


5 31 327 


4-30 


S. I 15 36 


— 2 




f Orionis 


.. 


20 


5 36 70 


30 


S. I 59 27 


— 2 




a Orionis 


(Betelguese) . . 


Var. 


5 50 ii'5 


32 


N. 7 23 26 


+ I 




j3 Canis Majoris 


. . 


20 


6 18 389 


2-6 


S. 17 54 35 


+ 2 




a Argus 


(Canopus) . . 


— 1"0 


6 21 54*6 


13 


S. 52 38 43 


+ 2 




7 Geminorum 


(Alhena) 


1-9 


6 32 239 


+ 3-5 


N. 16 28 42 


- 3 




a Canis Majoris 


(Sirius^ 


-1-4 


6 41 5-5 


27 


S. 16 35 22 


+ 4 




e Canis Majoris 


(Adara) 


1-6 


6 55 06 


24 


S. 28 50 47 


+ 5 




S Canis Majoris 


. • 


20 


7 4 390 


2-4 


S. 26 14 48 


+ 6 




0* Geminorum 


(Castor) 


2*0 


7 28 43*9 


+ 3-8 


N. 32 5 28 


- 8 




a Canis Minoris 


(Procyon) . . 


0-5 


7 34 292 


32 


N. 5 27 39 


- 8 




p Geminorum 


(Pollux) 


1*2 


7 39 41 -3 


+ 37 


N. 28 i4 56 


- 8 




7 Argus 


* .• 


19 


8 6 419 


1-9 


S. 47 3 55 


+ 11 




e Argus 


.. 


17 


8 20 37 -6 


1-2 


S. 59 12 48 


+ 12 




j8 Argus 


. . 


17 


9 12 II-6 


07 


S. 69 20 17 


+ 15 




a Rydrae 


(Alphard) .. 


22 


9 23 40 


29 


S. 8 15 34 


+ 16 




a Leonis 


(Regulus) . . 


i"3 


10 3 284 


+ 3-2 


N. 12 25 2 


-18 




a UTsae Majoris 


Dubhe)' .. 
1 Denebola) .. 


20 


10 58 36 


3-8 


N. 62 14 52 


-19 




/3 Leonis 


2-2 


II 44 221 


31 


N. 15 5 II 


-20 




oi Cmcis 


• • • • 


10 


12 21 28*4 


33 


S. 62 35 21 


+ 20 




7 Crucis 


.. 


1-6 


12 26 33 


33 


S. 56 35 53 


+ 20 




/3 Crucis 


• • •. 


1-5 


12 42 203 


+ 3-5 


S. 59 II 10 


+20 




€ Ursae Majoris 


.• 


1-8 


12 49 591 


2-6 


N. 56 27 33 


-20 




a Virginis 


(Spica) 


1-2 


13 20 207 


32 


S. 10 40 53 


+ 19 




71 Ursae Majoris 


(Benetnasch) 


1-9 


13 43 550 


24 


N. 49 46 20 


-18 




/3 Centauri . . 


.. 


08 


13 57 194 


4'2 


S. 59 55 46 


+ 17 




a Bootis 


(Arcturus) . , 


03 


14 II 279 


+ 2-8 


N. 19 39 40 


-17 




a* Centauri . . 


. . 


I'O 


14 33 21-3 


4*5 


S. 60 27 14 


+ 16 




a Coronas Borealis 


lAlphacca) .. 


2*3 


15 30 47*5 


2-5 


N. 27 I 26 


— 12 




a Scorpii 


(An tares) 


1*3 


16 23 45*9 


37 


S. 26 13 42 


+ 8 




a Trianguli Australis . . 


• • • • 


1-9 


16 38 54*9 


6-3 


S. 68 51 35 


+ 7 




X Scorpii 


• • f • 


1-8 


17 27 21-6 


+ 4-1 


S. 37 2 14 


+ 3 




a Ophiuchi .. 


(Ras Alhague) 


2-1 


17 30 39-8 


2-8 


N. 12 37 35 


- 3 




6 Sagittarii .. 


.. 


1-9 


18 18 3-9 


4-0 


S. 34 25 43 


— 2 




a Lyrae 


(Vega) 


O'l 


18 33 49*4 


2-0 


N. 38 41 51 


+ 3 




ff Sagittarii .. 


•• 


2'I 


18 49 33-6 


37 


S. 26 24 42 


- 4 




o Aquil«8 


(Altair) 


0-9 


19 46 177 


+ 2-9 


N. 8 37 29 


+ 9 




a Pavonis 


• • • . 


2'0 


20 18 22*4 


4-8 


S. 57 I 50 


— II 




a Cygni 


(Deneb) 


1-3 


20 38 177 


2-0 


N. 44 57 4 


+ 13 




a Gruis 




1-9 


22 2 26-3 


3-8 


S. 47 24 25 


-17 




a Piscis Australis 


(Fomalhaut) . . 


1-3 


22 52 34*2 


3*3 


S. 30 6 36 


-19 



Note. — In this table + means add, and — means subtract. 

In the column headed "Mag." the adopted unit of brightness is designated i-o. The 
magnitudes of stars are determined to tenths of a magnitude with reference to this adopted 
unit : thus the value ~ 1*4 for Sirius indicates that that star is 2*4 magnitudes brighter than the 
unit. 
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Table A. 

When honr angle is less than 6 hoprs^ name the factors taken from Table A contrary to name of lat. 



i 


HOURS. 


IHr. 




Var. 






























m. 


tol' 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. m. 


m. 


m. 


m. 


m. 


m. 


m. 


01 


of 
liftt. 


4 


• 


IS 


10 


90 


M 


88 


88 


88 


40 


U 


48 


89 


88 


00 


o 
o 


•c 


4-()0 


1 
•oc 


) '00 


•00 


1 
•00 


1 
•00 


•00 


t 
•00 


•00 


•00 


i 
•00 


'00 


•00 


t 
•00 


t 
•00 


•00 


I 


4-c 


4-00 


i-oc 


> -50 


•33 


•25 


•20 


•17 


•14 


•12 


•II 


•10 


•09 


•08 


'08 


•07 


•07 


2 


8-c 


4*01 


2-0< 


) i-oo 


•67 


•50 


•40 


•33 


•28 


•25 


•22 


•20 


'18 


•16 


•15 


•14 


•13 


3 


I2C 


4-01 


3-oc 


) 1-50 


100 


75 


•60 


•50 


•43 


'37 


•33 


•30 


•27 


•25 


•23 


•21 


•20 


4 


i6-c 


4-02 


4-0] 


[ 2-00 


1-33 


I -00 


•80 


•66 


•57 


•50 


*44 


•40 


•36I -33 


•30 


•28 


'26 


5 


20-3 


4-03 


5-0] 


[ 2-51 


1-67 


1-25 


I'OO 


•83 


71 


•62 


•55 


•50 


•45 


•41 


•38 


•35 


•33. 


6 


24-1 


4-05 


6-05 


t 3*01 


201 


1-50 


1-20 


I^OO 


•86 


V 


•66 


•60 


•54 


•49 


•46 


•42 


•39 


7 


28-1 


4-06 


7'o: 


J 3-52 


2*34 


1-76 


1-40 


ri7 


I'OO 


•87 


78 


•70 


•63 


•58 


•53 


•49 


•46 


8 


322 


4-08 


S'oi 


) 4*02 


2-68 


2-OI 


I -61 


1*34 


ri4 


1^00 


•89 


•80 


•72 


'66 


•61 


•56 


•52 


9 


36-2 


4-10 


90; 


^ 4'54 


302 


227 


i-8i 


1-51 


1-29 


1-13 


I^OO 


•90 


•81 


75 


•69 


•64 


•59 


lO 


40-4 


4-12 


lO'I 


5*05 


3-36 


2*52 


2-02 


1-68 


1*44 


1-25 


I'll 


100 


•91 


•83 


76 


71 


-66 


II 


44-i 


416 


II-I 


5-57 


371 


2-78 


2-22 


1-85 


1-58 


1-38 


1*23 


I'lO 


I'OO 


•91 


•84 


78 


73 


12 


48*7 


4-18 


12*2 


6*09 


4-06 


304 


2-43 


2-02 


173 


1-51 


1*34 


I '21 


109 


1*00 


•92 


•85 


79 


13 


52s 


4-21 


132 


6-6i 


4-41 


3-30 


2-64 


2-20 


1-88 


1-64 


1-46 


1*31 


i'i9 


1-09 


I-oo 


•93 


•86 


14 


57'3 


4-26 


14-3 


ri4 


4*76 


3-57 


2-85 


2-37 


203 


177 


1-57 


i'4i 


1-28 


1-17 


1-08 


I-OO 


•93 


15 


61-4 


4*29 


15-4 


7-67 


5*11 


3-83 


306 


2-55 


2^18 


I -91 


1-69 


r52 


1-38 


I '26 


ri6 


1-07 


I 00 


i6 


657 


4-33 


16-4 


8-21 


5*47 


4-10 


3-28 


273 


2-34 


204 


r8i 


1-63 


r^S 


1*35 


1-24 


I-I5 


r07 


17 


70-1 


4-37 


^rs 


8-75 


5-83 


4*37 


3*49 


2-91 


2-49 


2-i8 


1*93 


173 


x-57 


I '44 


1-32 


I '23 


ri4 


i8 


74-5 


4-42 


18-6 


9-30 


6-20 


4-65 


371 


309 


2-65 


2-31 


2-05 


r84 


1-67 


1-53 


1-41 


1-30 


I'2I 


19 


78-S 


4-47 


19-7 


9-86 


6-57 


4-92 


3*94 


3-28 


2-8o 


2-45 


2-17 


1-95 


1-77 


1-62 


1-49 


1-38 


1-29 


20 


83-4 


4-63 


20-9 


IO-4 


6-94 


5-21 


4-16 


3-46 


2-96 


2-59 


2-30 


2^o6 


1-87 


171 


r58 


1^46 


r36. 


21 


88-c 


4-69 


22-0 


II-O 


7-32 


5-49 


4-39 


3-65 


3-13 


2-73 


242 


2-i8 


1-97 


1-81 


r66 


1*54 


1-43 


22 


92*6 


4-66 


23-1 


ir6 


771 


5-78 


4-62 


3-84 


3*29 


2-87 


2-55 


2-29 


2-08 


1-90 


175 


r62 


i'5i 


23 


97*3 


4-72 


243 


12-2 


8-10 


6*07 


4-85 


4-04 


3-46 


3-02 


2-68 


2-41 


2^l8 


200 


1-84 


1*70 


I'SS 


24 


IO2-0 


4-79 


255 


127 


8-50 


6-37 


5-09 


4-24 


3-63 


3-17 


2-81 


2-53 


229 


2-09 


1-93 


179 


1-66 


25 


io6'g 


4-87 


267 


13-4 


890 


667 


5*33 


4'44 


380 


332 


2-94 


264 


2'4.o 


2*19 


2'02 


r87 


174 


26 


III-8 


4-95 


279 


14-0 


9-31 


6-97 


5*57 


4-64 


3*97 


3*47 


308 


2*77 


2-51 


229 


2^11 


1-96 


r82 


27 


II6-8 


6-04 


292 


14-6 


9-72 


7-29 


5-82 


4-85 


4-15 


363 


322 


2'89 


2'62 


2*40 


2^21 


2*04 


190 


28 


i2i-g 


6-13 


30-5 


15-2 


lo-i 


7*6o 


608 


506 


433 


378 


3-36 


302 


2'74 


2-50 


2-30 


2-13 


1-98 


29 


127-0 


6-23 


31-8 


15-9 


IO-6 


7'93 


6-34 


5-27 


4-51 


394 


3-50 


3-14 


2-85 


2-6i 


2^40 


2-22 


2'07 


30 


132-3 


6-33 


33-1 


i6-5 


ii-o 


8-26 


6-6o 


5*49 


470 


4-II 


3-65 


3-27 


2-97 


272 


2^50 


232 


2-15 


31 


1377 


6-44 


34*4 


17-2 


11-5 


8-59 


6-87 


5-72 


4-89 


4^28 


379 


3*41 


309 


283 


260 


2^41 


3*24 


32 


143-2 


6-6'5 


35-8 


179 


11*9 


8-94 


7-14 


5'95 


5-09 


4*45 


3*95 


3*54 


3*21 


294 


2^71 


2'5i 


2-33 


33 


1488 


6-69 


37-2 


i8-6 


12-4 


9-29 


7-42 


6-i8 


5-29 


4-62 


4-IO 


3-68 


334 


306 


2^8l 


2'6o 


242 


34 


154-6 


6-82 


386 


19-3 


12-9 


965 


771 


6-42 


5-49 


4-8o 


4^26 


3-83 


3-47 


3-17 


292 


2-71 

2^8l 


252 


35 


1605 


6-96 


40-1 


20*I 


13-4 


100 


8-00 


6-66 


5-70 


4-98 


442 


3*97 


3-6o 


329 


3-03 


ft-6i 


36 


166-5 


611 


41-6 


20-8 


13*9 


IO-4 


8-30 


6-91 


5-92 


5-17 


4*59 


4'12 


374 


342 


3-15 


291 


2^71 


37 


172-7 


6-27 


43-2 


21-6 


14-4 


IO-8 


8-6i 


7-17 


614 


5-36 


476 


427 


3-88 


3*55 


3*26 


3-02 


2^8l 


38 


1791 


6-44 


44-8 


22*4 


14-9 


11-2 


8-93 


7*43 


6-36 


5-56 


4*93 


4*43 


402 


3-68 


3-38 


3-13 


292 


39 


185-6 


6-62 


464 


23-2 


15-5 


II-6 


9-26 


7-70 


660 


576 


5-" 


4*59 


4-17 


3-8i 


3-51 


3-25 


3-02 


40 


192-3 


6-82 


48- 1 


240 


160 


12-0 


959 


7-98 


6^83 


5*97 


5-30 


476 


4*32 


3*95 


3-63 


337 


313 


41 


199-2 


7-03 


49-8 


24-9 


i6-6 


12*4 


9*94 


8-27 


7-08 


6*19 


5-49 


4-93 


4-47 


409 


3*77 


3*49 


3*24 


42 


206-4 


7-26 


51-6 


25-8 


17-2 


12-9 


IO-3 


8-57 


7'33 


6-41 


5-68 


5-II 


463 


4-24 


390 


3-6i 


336 


43 


213-7 


7*48 


53-4 


26-7 


17-8 


13-3 


10*7 


8-87 


7'5f 


6^64 


589 


5-29 


4^8o 


4*39 


4-04 


3-74 


3-48 


44 


221*3 


7-73 


55*3 


27-7 


18-4 


13-8 


ii-o 


9-19 


7*86 


687 


6^io 


5-48 


4'97 


4*54 


4-i8 


387 


3-6o 


45 


229-2 


800 


57*3 


28-6 


19-1 


14*3 


11-4 


9*51 


8^i4 


7-12 


631 


5-67 


5-14 


470 


4*33 


4^01 


373 


46 


237-3 


8-29 


59*3 


29-7 


198 


148 


11-8 


9-85 


8-43 


7'37 


6^54 


5-87 


5-33 


4-87 


4*49 


4-15 


3-86 


47 


245-8 


8-60 


61 -4 


307 


20-5 


15-3 


12-3 


IO-2 


8-73 


7*63 


6-77 


6-o8 


5*52 


5*05 


4-64 


4-30 


400 


48 


254*5 


8-93 


63-6 


31-8 


21*2 


15-9 


12-7 


10-6 


9-05 


7*90 


7-01 


6-30 


571 


5-23 


4-8i 


4*45 


4-14 


49 


2636 


9-30 


65-9 


32-9 


22-0 


i6-5 


13-1 


10-9 


9-37 


8-19 


7 26 


6-52 


5-92 


5*41 


4-98 


461 


429 


50 


273-1 


9-69 


68-3 


34-1 


22-7 


17-0 


13-6 


11-3 


971 


8-48 


7*52 


6-76 


613 


5-6i 


5-i6 


4-78 


4*45 


51 


2^3-0 


10-1 


70-7 


35-4 


23*6 


177 


14-1 


117 


10- 1 


8-79 


7-80 


7-00 


6-35 


5-81 


5*35 


4*95 


461 


52 


293-3 


10-6 


73*3 


36-7 


24-4 


i8-3 


14-6 


12*2 


10-4 


9-11 


808 


7*26 


6-58 


6-02 


5*54 


5-13 


478 


53 


304-1 


11-1 


76*0 


38-0 


25-3 


19*0 


15-2 


12-6 


IO-8 


9-44 


8-38 


7-53 


6-83 


6-24 


5-75 


532 


4*95 


54 


315-4 


11-6 


78-9 


39-4 


26-3 


19-7 


157 


13*1 


11*2 


9-79 


8-69 


7-81 


7^o8 


6-48 


5-96 


5-52 


5-14 


55 


327-3 


12-2 


8i-8 


40-9 


27*3 


20-4 


16-3 


13-6 


II-6 


10-2 


902 


8-IO 


7*35 


6-72 


6^19 


5*73 


533 


56 


339-8 


12-8 


84-9 


42*5 


28-3 


21*2 


16-9 


14-1 


I2-I 


IO-5 


9-36 


8'4i 


7-63 


697 


6-42 


5*95 


5'53 


57 


352-9 


13-6 


88-2 


44-1 


29*4 


22 -O 


17-6 


147 


12-5 


II-O 


9-72 


873 


7*92 


7-24 


6-67 


6^i8 


575 


58 


366-8 


14-3 


917 


45-8 


30-q 


22*9 


18-3 


15-2 


13-0 


II-4 


lOI 


9'o8 


8-23 


7*53 


6*93 


6^42 


5-97 


59 


381-4 


161 


95-3 


47-7 


31-8 


23-8 


190 


15-8 


13-6 


II-8 


10-5 


9*44 


8-56 


783 


7'2I 


6-68 


6*21 


60 


397-0 


16-0 


99-2 I49-6 I33-0 1 


248 


19-8 


16-5 


14-1 


12-3 


10-9 


9-82 


8-91 


8-15 


7-50 


6-95 


6-46 


m. 




m. 


m. 


m. 


m m. 
44 40 


m. 


m. 


m. 


m. m. 


m. 


m. 


m. 


m. 


m. 




59 


.. 


56 


52 


48 


36 


32 


28 


24 20 


16 


12 


8 


4 







11 HOURS. 1 



When hour angle is more than 6 hours, name the fiactors taken from Table A the samt as the 
z of the latitude. 



Table B. 

Always name the factors taken from Table B the same as the name of declination. 



Beeli. 


HOUBS. ] 


Var. 
































ii«;tioxk 


tor 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


"c • 


' of 
Decl. 


1 


4 


8 


la 


16 


20 


94 


28 


32 


36 


40 


U 


48 


88 


56 


o 


4-00 


1 
•0 


-00 


1 
•00 


•00 


1 
•00 


1 
•00 


•00 


1 
•00 


1 
•00 


1 
•00 


•00 


1 
00 


1 
-00 


/ 
•00 


1 
-00 


.•' 


400 


4-0 


I 00 


•50 


•33 


-25 


•20 


•17 


•14 


•13 


•II 


•10 


•09 


•08 


-08 


•07 


2 


4-01 


So 


2-00 


I 00 


•67 


•50 


•40 


•33 


•29 


•25 


•22 


•20 


•18 


•17 


•16 


•14 


3 


401 


I2*0 


3-00 


1-50 


100 


75 


•60 


-50 


•43 


•38 


•34 


•30 


•27 


-25 


•23 


•22 


4 


4-02 


i6o 


4*01 


2-00 


1*34 


I 00 


•80 


•67 


'57 


•50 


•45 


•40 


•37 


•34 


•31 


•29 


5 


403 


201 


5-01 


2-51 


1-67 


1-25 


i-oo 


•84 


72 


•63 


•56 


•50 


•46 


•42 


•39 


•36 


6 


4-05 


24-1 


602 


301 


2-OI 


I-5I 


I-2I 


i-oi 


•86 


.76 


-67 


•61 


•55 


•51 


•47 


•43 


.7 


4-06 


28-1 


7-04 


3-52 


2-35 


1-76 


1-41 


I-I7 


i-oi 


•88 


78 


•71 


•64 


•59 


'55 


•51 


: s 


4-08 


322 


805 


4-03 


2-69 


201 


I -61 


1-34 


1-15 


I-OI 


-90 


•81 


74 


•68 


•62 


-58 


.; -9 


4-10 


363 


908 


4-54 


3-03 


227 


1-82 


1-52 


1-30 


I-I4 


I-OI 


•91 


•83 


76 


-70 


-65 


xo 


412 


40-4 


lO'I 


5-05 


3-37 


2-53 


2 02 


1-69 


1*45 


1-27 


I-I3 


I -02 


-92 


•85 


-78 


73 


II 


415 


44*5 


II'I 


5-57 


371 


2-79 


223 


1-86 


1-59 


140 


1-24 


I-I2 


1-02 


-93 


-86 


-80 


. 312 


4-18 


487 


12-2 


6-09 


4-06 


3-05 


2-44 


203 


1-74 


1-53 


1-36 


1-22 


i-ii 


1-02 


•94 


•88 


X3 


4-21 


52-9 


13-2 


662 


4-41 


3-31 


2-65 


2*21 


189 


1-66 


r48 


1-33 


I-2I 


I-II 


I-03 


•95 


14 


4-25 


57'i 


14-3 


7-14 


476 


3-57 


2-86 


239 


2-05 


1-79 


1-59 


1-44 


I-3I 


1-20 


i-ii 


1-03 


15 


4-29 


6i-4 


15-4 


7-68 


512 


384 


3-07 


2-56 


2-20 


1-93 


1-71 


1*54 


1-40 


1-29 


1-19 


i-ii 


?6 


4-33 


657 


16-4 


8-22 


5-48 


4-II 


3*29 


2-74 


2-35 


2-06 


183 


165 


1-50 


1-38 


1-27 


119 


X7 


4-87 


70-I 


17-5 


8-76 


5-84 


4-38 


3-51 


2-92 


2-51 


2-20 


1-95 


1-76 


1-60 


1-47 


1-36 


1-26 


i8 


4-42 


7f5 


1 8-6 


9-31 


6-21 


4-66 


3-73 


3-II 


2-67 


2-33 


208 


1-87 


1-70 


1-56 


1-44 


1-34 


19 


4-47 


78-9 


197 


9-87 


658 


4*94 


395 


3-29 


283 


2*47 


2*20 


1-98 


i-8o 


1-66 


1-53 


1-42 


20 


4-53 


83-4 


20-9 


IO-4 


6-95 


5*22 


418 


3-48 


2-99 


262 


2*33 


2-10 


I-9I 


175 


162 


1-50 


21 


4-59 


880 


220 


II-O 


7-33 


5-50 


4-40 


3-67 


3*15 


2-76 


2-45 


2-21 


2-OI 


185 


171 


1-59 


. 22 


4-65 


92-6 


23-2 


II-6 


7-72 


5-79 


4-64 


3-87 


3-32 


290 


2-58 


2-33 


2-12 


1-94 


I -So 


1-67 


23 


4-72 


97*3 


24-3 


12-2 


8-II 


6-09 


4-87 


406 


3-48 


3-05 


271 


2*44 


2-22 


204 


1-89 


1-75 


a3*» 28' 


4-76 


995 


24-9 


12-4 


8-29 


6-22 


498 


4-15 


3-56 


312 


278 


2-50 


228 


2-09 


1-93 


1-79 


24 


4-79 


I02*0 


25-5 


12-8 


8-51 


6-38 


5-11 


4*26 


3-65 


3-20 


2-85 


2-56 


2-33 


2-14 


1-98 


1-84 


,^5 


4-87 


106-9 


26-7 


13-4 


8-91 


6-68 


5*35 


4-46 


3-83 


3*35 


2-98 


269 


2-44 


2-24 


207 


1*93 


26 


4-96 


III-8 


27-9 


140 


932 


6-99 


5-60 


4-67 


4-00 


3-50 


3-12 


2-8i 


2-56 


2-35 


2-17 


2-02 


27 


5-04 


ii6'8 


292 


146 


974 


7*30 


585 


4-87 


4-18 


3-66 


3:26 


2-93 


2-67 


2-45 


2-27 


2-II 


28 


6'13 


121*9 


305 


15-2 


10-2 


762 


610 


5-09 


4-36 


382 


3-40 


3-06 


2-79 


256 


236 


220 


. .29 


6-23 


1270 


31-8 


15-9 


IO-6 


7-95 


636 


5-30 


4*55 


3-98 


3-54 


3-19 


2-91 


2-67 


2-46 


2-29 


30 


6-33 


132-3 


331 


16-5 


no 


8-28 


6-62 


5-52 


4*74 


4*15 


3-69 


3.32 


3-03 


2-78 


2-57 


2-39 


Naibes of stars. 


N, Dccln. Stars. 
































Procyon 


21-9 


5-47 


2-74 


1-83 


1*37 


i-io 


91 


78 


-69 


•61 


•55 


•50 


-46 


•42 


•39 


Ahair 


34-8 


8-69 


4*35 


290 


2-18 


1*74 


1-45 


1-25 


1-09 


•97 


-87 


•80 


73 


•67 


-63 


Aidebaran .. 


671 


16-8 


8-39 


5-60 


420 


3-36 


2-8o 


2-40 


2'II 


1-87 


1-69 


1*54 


1-41 


1-30 


1*21 


Arcturus . . 


81-9 


20-5 


IO-2 


6-82 


5-12 


4-IO 


3*42 


2-93 


2-57 


2*28 


2*o6 


1-87 


1-72 


1-59 


1-48 


Castor 


1437 


35-9 


17-8 


120 


8-99 


7-19 


6-00 


5-14 


4-51 


4-OI 


3-61 


329 


3*02 


2-79 


2-59 


Vega 


183-6 


45-9 


23-0 


15-3 


II-5 


9-19 


7-66 


6-57 


5-76 


5-12 


4-61 


4-20 


3-85 


356 


3-31 


Deneb 


228*9 


57-2 


286 


19-1 


14-3 


II-5 


9*55 


819 


7-17 


6-38 


575 


5-23 


4-80 


4*44 


4-13 


Capella 


2366 


59-1 


296 


19-7 


14-8 


11-8 


9-87 


8-47 


7-42 


6-60 


5*94 


5-41 


4-96 


4*59 


4-27 


a Persei 


2687 


67-2 


33-6 


22-4 


i6-8 


13*5 


11-2 


962 


8-43 


7*50 


6-75 


6-15 


5-64 


5-21 


4-85 


If Ursae Majoris 


270-8 


67-7 


33-9 


22-6 


16-9 


13-6 


11-3 


9-70 


8-49 


7*55 


6-8i 


6'i9 


5-68 


5-25 


4-89 


e Ursae Majoris 


345-6 


86-4 


43*2 


28-8 


21-6 


i7'3 


14-4 


12-4 


10-8 


964 


8-68 


7-90 


7-25 


670 


6-23 


a Ursae Majoris 


435*4 


109 


54*4 


36-3 


27*2 


21-8 


i8-2 


15-6 


I3'6 


12*1 


10-9 


9*96 


9-14 


8-44 


7-85 


S. Declu. Stars. 
































?M«i 


33*5 


8-36 


4-i8 


2-79 


209 


1-67 


1-40 


I -20 


I -05 


-93 


•84 


77 


•70 


-65 


•60 


Sinus 


68-3 


17-1 


8-54 


5-69 


4-27 


3-42 


2-85 


2-44 


2-14 


1-91 


1-72 


1-56 


1*43 


1-32 


1-23 


€ Sagittarii . . 


157-1 


39-3 


19-6 


13*1 


9-83 


7-86 


6-56 


5-62 


4-92 


4-38 


3-95 


359 


330 


3-05 


283 


X Scorpii 


172-9 


43*2 


21-6 


14-4 


10-8 


8-66 


7-22 


6-19 


5-42 


4-82 


4*35 


395 


363 


3-35 


3-12 


7 Argus 


246-4 


61 -6 


308 


20-5 


15-4 


12-3 


IO-3 


8-82 


772 


6-87 


619 


5-63 


5-17 


4-78 


4'44 


a Gruis 
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i8 
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I 00 


95 


90 
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75 


72 
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i-ii 


105 
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•80 


77 


74 


24 


1-66 
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137 
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•91 
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77 


25 
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26 
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28 


1-98 
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29 
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i^i8 
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169 
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1-27 
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34 
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1-85 
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1*45 


1-38 
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117 


35 


2-6i 


2-44 


229 
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203 
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1-82 
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1-65 


1-57 


1-50 


144 


1-37 


132 


126 


1^21 


36 


271 


2"53 


2^38 


2^24 


211 


2*00 


189 


r8o 


1-71 


163 


1-56 


1-49 


1-43 


1*37 


131 


126 


37 


281 


2-63 


246 


2*32 


219 


207 
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1-87 


1-78 


r69 
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1*55 


r48 


1^42 


1*36 


131 


38 
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2^27 
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204 


1*93 


1-84 


^V 
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1-53 


1-47 


1*41 
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39 
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2-49 


2-35 
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1-82 
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1-66 
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1^46 
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40 
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2-93 
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2^58 
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1^98 
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1-65 


1-58 


1-51 
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41 
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2-84 


2-68 
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2*39 
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1-86 
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1-63 


1-57 
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42 
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2-95 
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1-56 
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1-98 
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3-27 
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3-86 
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2*56 


2-44 
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2-95 
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1-93 
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3-87 
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342 
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305 
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2^38 
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209 
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49 


4-29 
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376 


3*54 


3*34 
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2-85 


271 


2^58 


2-47 


2^36 
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216 


208 
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4*45 
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3*27 
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2*95 


2^8l 
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2^56 
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4-61 
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404 
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291 
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52 
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4'95 
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313 
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260 


2-50 


2-39 
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4-24 
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28 
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N.Dedn. 




































Procyon 


•37 


•35 


•33 


•31 


•29 


•28 


•27 


•26 


•24 


23 


•23 


•22 


•2Z 


•20 


•20 


•19 




Altair .. 


•59 


•55 


•52 


•49 


•47 


•45 


•42 


•41 


•39 


•37 


36 


•35 


•33 


•32 


•31 


•31 




Aldebar'n 


113 


106 


z-oo 


•95 


•90 


-86 


•82 


78 


75 


•72 


•69 


•67 


•65 


•62 


•60 


•59 




Arcturas 


1-38 


1-30 


Z*22 


Z'z6 


zzo 


Z04 


Z'OO 


•95 


•91 


-88 


-84 


-8z 


79 


•76 


74 


71 




Castor .. 


2-42 


2*27 


2Z4 


203 


1*93 


1-83 


175 


z-67 


z-6o 


1*54 


z-48 


1-43 


z-38 


1*34 


Z29 


Z25 




Vega .. 


3ZO 


2-91 


274 


2*59 


2-46 


234 


224 


2-Z4 


205 


1-97 


z-90 


i'83 


z-76 


Z7Z 


z-65 


z-60 




Deneb .. 


3-86 


362 


342 


323 


307 


292 


279 


267 


256 


246 


2-36 


2-28 


2-20 


2Z3 


206 


200 




Capella 


399 


374 


353 


334 


3*17 


302 


2-88 


276 


264 


2-54 


244 


2*35 


2-27 


2 '20 


2Z3 


206 




aPersei .. 


4-53 


4*25 


401 


.379 


360 


3*43 


3*27 


313 


300 


2-88 


277 


2-67 


2-58 


2-50 


242 


2-35 




lyUrsaeMaj. 


4*57 


4*29 


4-04 


382 


3-63 


346 


329 


315 


302 


2 90 


280 


270 


2 -60 


2^52 


244 


2*36 




tUrsaeMaj. 


5-83 


5*47 


5-16 


4-88 


4-63 


4-41 


4-2Z 


403 


3-86 


371 


357 


3*44 


332 


3*21 


3ZZ 


302 




ttUrsaeMaj. 


7*34 


689 


6-50 


6-Z5 


583 


555 


530 


507 


4-86 


467 


450 


4*33 


4-z8 


405 


392 


380 




S. Dean, 




































Rigel .. 


•56 


•53 


•49 


•47 


•45 


•43 


•41 


•39 


•37 


•36 


•35 


•33 


•32 


•31 


•30 


29 




Sinus .. 


I-I5 


Z08 


Z*02 


•96 


•92 


•87 


•83 


•80 


-76 


73 


71 


•68 


66 


•63 


-6z 


•60 




c Sagittarii 


2*65 


2*49 


2*34 


2-22 


2*Z1 


200 


Z-9I 


z-83 


175 


z-68 


z-62 


156 


I-5I 


Z-46 


141 


z-37 




\ Scorpii 


292 


274 


2-58 


2*44 


332 


2-2Z 


2-ZZ 


2'OZ 


1-93 


z-86 


z-79 


z-72 


z-66 


z-6z 


z-56 


151 




7Arg& .. 


4-15 


390 


3-68 


3-48 


330 


314 


300 


287 


275 


264 


2-54 


2-45 


2-37 


229 


2-22 


ZZ5 




dOrnis .. 


4'2o 


3-94 


372 


352 


3*34 


n^ 


303 


2-90 


278 


267 


2-57 


2*48 


2-40 


2-32 


2-24 


2-Z7 




Canopus 


5-06 


475 


4-48 


424 


402 


383 


3-66 


3-50 


3*35 


3'22 


3-Z0 


299 


289 


279 


2 70 


262 




7 Crucis . . 


5-86 


550 


519 


4-91 


466 


4*44 


4-23 


405 


3*88 


373 


359 


346 


3*34 


323 


3-13 


3*03 




a Pavonis 


596 


5*59 


527 


4*99 


473 


4*51 


4*30 


4-zz 


3-94 


379 


365 


3*52 


340 


3-28 


3Z8 


3-o8 




Achemar 


611 


574 


5-41 


5*12 


486 


462 


4'4i 


4-22 


4*05 


3-89 


374 


3-6z 


3-48 


3'37 


3-26 


3Z6 




/3 Crucis \ 
€ Argus f 


6-48 


6*09 


574 


5*43 


5*15 


4-9Z 


4-68 


4-48 


429 


413 


3*97 


383 


370 


3*57 


346 


336 




fi Centauri 


6-68 


627 


5*91 


5*59 


5-31 


5-05 


4-82 


4-6Z 


4-42 


4-25 


4-09 


3*94 


3-8Z 


3-68 


356 


346 




a«Centauri 


682 


6*40 


6-04 


571 


5-42 


516 


4-92 


471 


4*52 


4-34 


4-Z8 


4*03 


3-89 


376 


3-64 


3-53 




o^Cruds.. 


7-45 


7*00 


6-6o 


6*24 


5*93 


564 


5-38 


515 


4*93 


474 


4*57 


4-40 


4-25 


4-zz 


398 


3-86 




aTri.Aus. 


999 


938 


8-85 


8-37 


795 


7-56 


7*22 


6-9Z 


6-62 


6-36 


6-Z2 


5-90 


5-70 


5*51 


534 


5-17 




^Argflj* .. 


I0'25 


962 


9-07 


8-59 


8-15 


775 


7-40 


708 


6-79 


6-52 


6-28 


6-05 


5-84 


565 


5*47 


5-31 




m. m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 






00 56 


52 


48 


44 


40 


36 


32 


28 


24 


20 


z6 


Z2 


8 


4 


00 




UHr. 10 


HOURS. 
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Table A. 

IVben hoar angle is lesi than 6 honra. name the factors taken from Table A contrary to name of lat. 



Lat 


SHOUBS. 1 


3Hr. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 




00 


4 





U 


10 


10 


U 


10 


01 


00 


40 


44 


M 


01 


00 


00 


e 


$ 


« 


i 


» 


t 


s 


1 


/ 


/ 


f 


# 


t 


/ 


t 


/ 


/ 


O 


'GO 


•CO 


•00 


•00 


•CO 


•00 


•00 


•00 


•00 


•00 


•00 


•00 


•CO 


•00 


•GG 


•GG 


z 


•03 


•03 


•03 


•03 


•03 


•02 


•02 


•02 


•02 


•02 


•02 


•02 


•02 


•02 


•G2 


•G2 


2 


•06 


06 


•06 


•05 


05 


•05 


•05 


•05 


•04 


•04 


•04 


•04 


•04 


■04 


•04 


•03 


3 


09 


09 


•08 


•08 


•08 


07 


07 


•07 


•07 


•06 


•06 


•06 


•06 


•06 


•05 


•05 


4 


•12 


•12 


•II 


•II 


•10 


•10 


•10 


•09 


•09 


•09 


08 


•08 


•08 


•07 


•07 


•07 


5 


•15 


•15 


•14 


13 


•13 


•12 


•12 


•12 


•II 


•II 


•10 


•ID 


•10 


•09 


•09 


•09 


6 


18 


•17 


•17 


•16 


•16 


15 


14 


•14 


•13 


•13 


•13 


•12 


•12 


•II 


•II 


•II 


7 


•21 


•20 


•20 


•19 


•18 


•18 


•17 


•16 


•16 


•15 


•15 


•14 


•14 


•13 


•13 


•12 


8 


•24 


•23 


•22 


•22 


•21 


•20 


•19 


•19 


•18 


•17 


•17 


•16 


•16 


•15 


•15 


•14 


9 


•27 


•26 


•25 


•24 


•23 


•23 


•22 


•. ^21 


•20 


•20 


•19 


•18 


•18 


•17 


•16 


•16 


ID 


•31 


•29 


•28 


•27 


•26 


•25 


•24 


•23 


•23 


•22 


•21 


•20 


•20 


•19 


•18 


•18 


II 


•34 


•32 


•31 


•30 


•29 


•28 


•27 


•26 


•25 


•24 


•23 


•22 


•22 


•21 


•2G 


♦19 


12 


•37 


•35 


•34 


•33 


•32 


•30 


•29 


•28 


•27 


•26 


•25 


•24 


•24 


•23 


•22 


•21 


13 


•40 


•38 


•37 


•36 


•34 


•33 


•32 


•31 


•30 


•29 


•28 


•27 


•26 


•25 


•24 


•23 


14 


•43 


•41 


•40 


•38 


•37 


•36 


•34 


•33 


•32 


•31 


•30 


•29 


•28 


•27 


•26 


•25 


15 


•46 


•45 


•43 


•41 


•40 


•38 


•37 


•36 


•34 


•33 


•32 


•31 


•30 


•29 


•28 


•27 


i6 


50 


•48 


•46 


•44 


•43 


•41 


•39 


•38 


•37 


*35 


'31 


•33 


32 


•31 


•30 


•29 


17 


'53 


•51 


•49 


•47 


•45 


'^ 


•42 


•41 


•39 


•38 


•36 


•35 


•34 


•33 


•32 


•31 


i8 


•56 


•54 


•52 


•50 


•48 


•46 


•45 


•43 


•42 


•40 


•39 


•37 


'^% 


•35 


•34 


•32 


19 


•60 


'57 


•55 


•53 


•51 


•49 


•47 


•46 


•44 


•43 


•41 


•40 


•38 


•37 


•36 


•34 


20 


•63 


•61 


•58 


•56 


•54 


•52 


•50 


•48 


•47 


•45 


•43 


•42 


•40 


•39 


•38 


•36 


21 


•66 


•64 


•61 


•59 


•57 


55 


•53 


•51 


•49 


•47 


•46 


•44 


•43 


•41 


•40 


•38 


22 


70 


•67 


•65 


•62 


•60 


'^ 


•56 


•54 


•52 


'50 


•48 


•46 


•45 


•43 


•42 


•40 


23 


•74 


71 


•68 


•65 


•63 


•61 


•58 


•56 


•54 


•52 


•51 


•49 


•47 


•46 


•44 


•42 


24 


77 


74 


71 


•69 


•66 


•64 


•61 


•59 


•57 


•55 


•53 


•51 


•49 


•48 


•46 


•45 


25 


•81 


78 


75 


72 


•69 


•67 


•64 


•62 


•60 


•58 


•56 


•54 


•52 


•50 


•48 


•47 


26 


•84 


'81 


78 


75 


72 


70 


•67 


•65 


•62 


•60 


•58 


•56 


•54 


•52 


•51 


•49 


27 


'88 


•85 


•82 


78 


•76 


73 


70 


•68 


•65 


•63 


•61 


•59 


•57 


•55 


•53 


•51 


28 


•92 


•88 


•85 


'82 


79 


•76 


73 


71 


•68 


•66 


•63 


•61 


•59 


•57 


•55 


•53 


29 


•96 


•92 


•89 


•85 


•82 


79 


•76 


74 


71 


•68 


•66 


•64 


•62 


•59 


•57 


•55 


30 


100 


•96 


•92 


•89 


•86 


•82 


79 


77 


74 


71 


•69 


•66 


•64 


•62 


•6g 


•58 


31 


104 


100 


•96 


•93 


•89 


•86 


•83 


80 


77 


•74 


72 


•69 


•67 


•64 


•62 


•6g 


32 


108 


104 


100 


•96 


•93 


•89 


•86 


•83 


•80 


•77 


•74 


•72 


•69 


•67 


•65 


•62 


33 


I'I2 


108 


l-^ 


100 


•96 


•93 


•89 


•86 


•83 


•80 


V 


75 


•72 


•70 


•67 


•65 


34 


117 


I'I2 


104 


100 


•96 


•93 


•90 


•86 


53 


•80 


•78 


•75 


•72 


•70 


•67 


35 


I-2I 


I-I7 


I -12 


108 


104 


100 


•96 


•93 


•90 


86 


•83 


•81 


•78 


•75 


73 


•70 


36 


126 


1-21 


116 


1*12 


108 


104 


I 00 


•96 


•93 


•90 


•87 


•84 


•81 


78 


•75 


73 


37 


I 31 


1-25 


1-21 


116 


1^12 


108 


ro4 


I -00 


•96 


•93 


•90 


•87 


•84 


•81 


•78 


•75 


38 


1-35 


130 


125 


1-20 


116 


1*12 


ro8 


104 


I •CO 


•96 


93 


•90 


•87 


•84 


•81 


•78 


39 


140 


1*35 


130 


125 


I 20 


ri6 


I'll 


107 


104 


100 


•97 


•93 


•90 


•87 


•^ 


•81 


40 


1-45 


140 


1-34 


1-29 


124 


1^20 


^'15 


i^ii 


1-07 


104 


I •GO 


•97 


•93 


•90 


•87 


•84 


41 


1-51 


1*45 


1*39 


1-34 


1^29 


1-24 


I -20 


I-I5 


I'll 


107 


104 


1^00 


•97 


•93 


•9G 


•87 


42 


1-56 


1-50 


144 


1*39 


^'33 


X'29 


^24 


1-19 


I-I5 


i^ii 


107 


104 


i-oo 


•97 


•93 


•9G 


43 


1-62 


1-55 


1-49 


1-44 


1-38 


1-33 


1-28 


1-24 


119 


I-I5 


I^II 


107 


ro4 


I •GO 


•97 


•93 


44 


1-67 


I -61 


1*55 


1-49 


1*43 


1-38 


1*33 


1-28 


^'^i 


119 


I-I5 


i^ii 


ro7 


104 


IGG 


•97 


45 


173 


1-66 


I -60 


1-54 


r48 


1-43 


1-38 


1-33 


riS 


1-23 


1-19 


I-I5 


I'll 


I^G7 


I-04 


IGG 


46 


179 


172 


1-66 


1-59 


1*54 


r48 


143 


1-37 


133 


1-28 


1*23 


ri9 


I-I5 


I^II 


IG7 


IG4 


47 


1-86 


178 


172 


1-65 


1-59 


1-53 


1-48 


1-42 


1-37 


1-32 


1*28 


123 


ri9 


I-I5 


I'll 


I-07 


48 


1-92 


1-85 


178 


171 


1-65 


1*59 


^'53 


1-47 


142 


1*37 


1-32 


I^28 


1-23 


I-I9 


I-I5 


i^ii 


49 


1-99 


1*91 


1-84 


177 


171 


1-64 


i^SS 


1*53 


1*47 


1*42 


1*37 


r32 


r28 


1-23 


119 


I-I5 


50 


206 


198 


1-91 


1-84 


177 


r70 


164 


1-58 


1*53 


1*47 


142 


1*37 


1-32 


r28 


1-23 


I-I9 


51 


214 


2'06 


1-98 


1-90 


1-83 


m 


170 


1-64 


1-58 


1-52 


1-47 


r42 


1*37 


1-32 


1-28 


1*23 


52 


2-22 


2-13 


205 


1-97 


190 


1*76 


1-70 


r64 


1-58 


1*53 


1^47 


r42 


1-37 


1*33 


I^28 


53 


2 30 


2-21 


2'12 


204 


197 


1-90 


1-83 


1-76 


1^70 


164 


1-58 


i'53 


1*47 


1-42 


1-37 


1-33 


54 


2-38 


2-29 


2*20 


212 


204 


1-97 


1-89 


1-83 


V76 


1-70 


r64 


1-58 


1*53 


1-48 


1*43 


1-38 


55 


2-47 


2-38 


229 


2*20 


2^12 


2*04 


1-97 


1-90 


1-83 


r76 


1*70 


164 


1*59 


1-53 


1-48 


1-43 


56 


2-57 


2*47 


2*37 


2-28 


2*20 


2-12 


2-04 


1-9? 


190 


1-83 


1-77 


171 


r65 


1*59 


1*54 


148 


57 


267 


2-56 


2*46 


2*37 


2-28 


2^2G 


2^12 


2^04 


1-97 


1^90 


r84 


1-77 


'*7J 


1-65 


1^59 


1*54 


58 


277 


2-66 


256 


2-46 


2-37 


2-29 


2*20 


2^12 


2-05 


1-98 


rgi 


1-84 


1-78 


1-72 


166 


I 60 


59 


2-88 


277 


2-66 


256 


2-47 


2-38 


229 


2-21 


2-13 


2^06 


1-98 


1-91 


1-85 


^'f. 


r72 


166 


60 


3*00 


2-88 


277 


267 


2-57 


2-47 


2-38 


2*30 


2-22 


2*14 


2oe 


I •99 


1*92 


1-86 


179 


1*73 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 

GG 




GO 


56 


52 


48 


44 


40 


36 


32 


28 


24 


20 


16 


12 


8 


4 


10 Hr. 


HOUBS. 1 



When hour angle is 
the name of the latitude. 



more than 6 hours, name the factors taken from Table A the same as 



11 

Table B. 

Always aame the factors taken from Table B the same as the name of dedJpation, 



DeeUsation. 


8 HOURa 


8Hr. 


m. 


nu 


BU 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


. m. 


m. 


m. 


m. 




00 


4 


• 


U 


16 


90 


M 


SB 


89 


86 


40 


44 


48 


59 


66 


00 


• 


/ 


i 


t 


t 


/ 


/ 


/ 


/ 


/ 


1 


/ 


/ 


/ 


t 


/ 


/ 


o 


•00 


•00 


•00 


•00 


•00 


•00 


•00 


•00 


•00 


•00 


•00 


•00 


'OO 


•00 


•00 


•00 


z 


•03 


•03 


•03 


•03 


•03 


•03 


• -03 


•03 


•03 


•03 


•03 


•03 


•03 


•03 


•03 


•02 


% 


•07 


•07 


•07 


•06 


•06 


•06 


•06 


•06 


•06 


•06 


•05 


•05 


•05 


•05 


•05 


•05 


3 


•10 


•10 


•10 


•10 


•09 


•09 


•09 


•09 


•09 


•08 


•08 


•08 


•08 


•08 


•08 


•07 


4 


•14 


•14 


•13 


•13 


•13 


•12 


•12 


•12 


•II 


•II 


•ZI 


•iz 


•10 


•zo 


•10 


•10 


5 


•17 


•17 


•Z7 


•16 


•16 


•15 


•15 


•15 


•14 


•14 


•14 


•13 


•13 


•13 


•13 


•12 


6 


•21 


•20 


•20 


•19 


•19 


•18 


•x8 


•17 


•17 


•17 


•16 


•z6 


•z6 


•Z5 


•15 


•15 


7 


•25 


•24 


•23 


•23 


•22 


•21 


•21 


•20 


•20 


•20 


•19 


•19 


•18 


•18 


•18 


•17 


8 


•28 


•27 


•27 


•26 


•25 


•25 


•24 


•23 


•23 


•22 


•22 


•21 


•21 


•21 


•20 


•20 


9 


•32 


•31 


•30 


•29 


•28 


•28 


•27 


•26 


•26 


•25 


•25 


•24 


•24 


•23 


•23 


•22 


xo 


•35 


•34 


•33 


•32 


•32 


•31 


•30 


•29 


•29 


•28 


•27 


•27 


•26 


•26 


•25 


•25 


ZI 


•39 


•38 


•37 


•36 


•35 


•34 


•33 


•32 


•32 


•31 


•30 


•30 


•29 


•29 


•28 


•27 


12 


•43 


•41 


•40 


•39 


•38 


•37 


•36 


*35 


•35 
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167 


162 


1-56 


1-51 


1-45 


1-40 


1-35 


i'3i 


126 


I-2I 


117 


1*12 


108 


104 


I •GO 


m. 


m. 


m. 


m. 


m. 


m. 


ra. 


m. 


m. 


m. 


m. 
20 


m. 


m. 


m. 


m. 


m. 




00 


56 


52 


48 


44 


40 


36 


32 


28 


24 


16 


12 


8 


4 


00 


9Hr. 


8 HOURfi. 1 



When hour angle is more than 6 hours, name the factors taken from Table A the samt as tne 
name of the latitude. 
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Table B. 



Always nazxie 


the fa 


ictors 


takex 


ifron 


I Tab 


leBt 


he favM an 


the name 


fdec 


linatu 


)n. 






8 HOURS. 


4Hr. 


Declination. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 




00 


4 


8 


la 


10 


90 


U 


98 


89 


88 


40 


44 


48 


09 


66 


00 


o 


/ 


/ 


/ 


/ 


/ 


/ 


t 


i 


t 


/ 


/ 


1 


/ 


/ 


t 


/ 


O 


•00 


•00 


•00 


•00 


•00 


•00 


•00 


•00 


•00 


•00 


•00 


•00 


•00 


•00 


•00 


•00 


s 


•02 


•02 


•02 


•02 


•02 


•02 


•02 


•02 


•02 


•02 


•02 


•02 


•02 


•02 


•02 


•02 


2 


•05 


•05 


•05 


•05 


•05 


•05 


•04 


•04 


•04 


•04 


•04 


•04 


•04 


•04 


•04 


•04 


3 


•07 


•07 


•07 


•07 


•07 


•07 


•07 


•07 


•07 


•06 


•06 


•06 


•06 


•06 


•06 


•06 


4 


•10 


•10 


•10 


•09 


•09 


•09 


•09 


•09 


•09 


•09 


•09 


•o^ 


•08 


•08 


•08 


•08 


5 


•12 


•12 


•12 


•12 


•12 


•II 


•II 


•II 


•II 


•II 


•II 


•II 


''O 


•10 


•^0 


•10 


6 


•15 


•15 


•14 


•14 


•14 


•14 


•14 


•13 


•13 


•13 


•13 


•13 


•13 


•12 


•12 


•12 


7 


•17 


•17 


•17 


•17 


•16 


•16 


•16 


•16 


•15 


•15 


•15 


•15 


•15 


•14 


•14 


•14 


8 


•20 


•20 


•19 


•19 


•19 


•t3 


•18 


•18 


•18 


•17 


•17 


•17 


•17 


•17 


•16 


•16 


9 


•22 


•22 


•22 


•21 


•21 


•21 


•20 


•20 


•20 


•20 


•19 


•19 


•19 


•19 


•18 


•18 


lO 


•25 


•25 


•24 


•24 


•23 


•23 


•23 


•22 


•22 


•22 


•22 


•21 


•21 


•21 


•21 


•20 


II 


•27 


•27 


•27 


•26 


•26 


•25 


•25 


•25 


•24 


•24 


•24 


•23 


•23 


•23 


•23 


•22 


12 


•30 


•30 


•29 


•29 


•28 


•28 


•27 


•27 


•27 


•26 


•26 


•26 


•25 


•25 


•25 


•25 


13 


•33 


•32 


•32 


•31 


•31 


•30 


•30 


•29 


•29 


•29 


•28 


•28 


•28 


•27 


•27 


•27 


14 


•35 


•35 


•34 


•34 


•33 


•33 


•32 


•32 


•31 


•31 


•30 


•30 


•30 


•29 


•29 


•29 


15 


•38 


•37 


•37 


•36 


•36 


•35 


•34 


•34 


•34 


•33 


•33 


•32 


•32 


•32 


•31 


•31 


i6 


•41 


•40 


•39 


•39 


•38 


•37 


•37 


•36 


•36 


•35 


•35 


•35 


•34 


•34 


•33 


•33 


17 


'43 


•43 


•42 


•41 


•41 


•40 


•39 


•39 


•38 


•38 


•37 


•37 


•36 


•36 


•36 


•35 


i8 


•46 


•45 


•44 


•44 


•43 


•42 


•42 


•41 


•41 


•40 


•40 


•39 


•39 


•38 


•38 


•38 


19 


•49 


•48 


•47 


•46 


*^f 


•45 


•44 


•44 


•43 


•43 


•42 


•42 


•41 


•41 


•40 


•40 


20 


•51 


•51 


•50 


•49 


•48 


•48 


•47 


•46 


•46 


•45 


•44 


•44 


•43 


•43 


•42 


•42 


21 


•54 


•53 


•52 


•52 


•5r 


•50 


•49 


•49 


•48 


•47 


•47 


•46 


•46 


•45 


•45 


•44 


22 


•57 


.56 


•55 


•54 


•54 


•53 


•52 


•51 


•51 


•50 


•49 


•49 


•48 


•48 


•47 


•47 


23 


•60 


•59 


•58 


'57 


•56 


•55 


•55 


•54 


•53 


•52 


•52 


•51 


•51 


•50 


•50 


•49 


23» 28' 


•61 


•60 


•59 


•58 


•58 


•57 


•56 


•55 


•54 


•54 


•53 


•52 


•52 


•51 


•51 


•50 


24 


•63 


•62 


•61 


•60 


•59 


•58 


•57 


•57 


•56 


•55 


•54 


•54 


•53 


•53 


•52 


•51 


25 


•66 


•65 


•64 


•63 


•62 


•61 


•60 


•59 


•58 


•58 


•57 


•56 


•56 


•55 


•54 


•54 


26 


•69 


•68 


•67 


•66 


•65 


•64 


•63 


•62 


•61 


•60 


•60 


•59 


•58 


•58 


'SI 


•56 


27 


72 


71 


•70 


•69 


•68 


•67 


•66 


•65 


•64 -63 1 


•62 


•61 


•61 


•60 


•59 


•59 


28 


•75 


•74 


•73 


•72 


•70 


•69 


•68 


•67 


•67 


•66 


•65 


•64 


•63 


•63 


•62 


•61 


29 


78 


•77 


•76 


'75 


•73 


•72 


71 


•70 


•69 


•69 


•68 


•67 


•66 


•65 


•65 


•64 


30 


•82 


•80 


79 


•78 


•76 


•f5 


•74 


•73 


•72 


71 


•70 


•70 


•69 


•68 


•67 


•67 


stars. 




N. Decln. 


































Procyon 


•14 


•13 


•13 


•13 


•13 


•12 


•12 


•12 


•12 


•12 


•12 


•12 


•II 


•II 


•II 


•II 


Altair .. 


•21 


•21 


•21 


•20 


•20 


•20 


•20 


•19 


•19 


•19 


•19 


•18 


•18 


•18 


•18 


•x8 


Aldebar'n 


•41 


•41 


•4q 


•39 


•39 


•38 


•38 


•37 


•37 


•36 


•36 


•35 


•35 


•35 


•34 


•34 


Arcturus 


•51 


•50 


•49 


•48 


•47 


•47 


•46 


•45 


•45 


•44 


•44 


•43 


•43 


•42 


•42 


•41 


Castor . . 


•89 


•87 


•86 


•84 


•83 


•82 


•81 


•80 


•79 


.77 


•77 


•76 


•75 


•74 


•73 


•72 


Vega .. 


I-I3 


I'll 


I'lO 


roS 


I -06 


1-05 


1-03 


1^02 


I'OO 


•99 


•98 


•97 


•96 


•94 


•93 


•93 


Deneb . . 


1-41 


1-39 


1-37 


1^34 


1-32 


1-30 


r28 


r27 


1-25 


1-23 


1-22 


I^20 


ri9 


ri8 


ri6 


1-15 


Capella 


1-46 


1-43 


1-41 


1-39 


1-37 


1-35 


^•33 


I-3I 


1-29 


1-28 


r26 


1-25 


1*23 


l'22 


1-20 


ri9 


oPersei .. 


1-66 


163 


r6o 


1-58 


1-55 


1^53 


I-5I 


1-49 


1-47 


1-45 


i'43 


1^41 


r40 


1-38 


1^37 


1-35 


lyUrsaeMaj. 


1-67 


r64 


1-62 


1-59 


1-57 


1-54 


1-52 


1-50 


r48 


1-46 


r44 


1^43 


1-41 


1^39 


1-38 


1-36 


eUrsaeMaj. 


2-13 


2*IO 


2-o6 


2-03 


2*00 


1-97 


1-94 


1-91 


1-89 


1-86 


1-84 


1-82 


i-8o 


1.78 


r76 


1-74 


aUrsssMaj. 


2-69 


2-64 


260 


2^56 


2-52 


2-48 


2-44 


2-41 


2-38 


2^35 


2^32 


2*29 


2*27 


2*24 


2-22 


2-19 


S. Decln, 


































Rigel .. 


•21 


•20 


•20 


•20 


•19 


•19 


•19 


•19 


•18 


•18 


•18 


•18 


•17 


•17 


•17 


•17 


Sirius .. 


•42 


•41 


•41 


•40 


•39 


•39 


•38 


•38 


•37 


•37 


•36 


•36 


.36 


•35 


•35 


•34 


6 Sagittarii 


•97 


•95 


•94 


•92 


•91 


•89 


•88 


•87 


•86 


•85 


•84 


•83 


•82 


•81 


•80 


•79 


X Scorpii 


1-07 


I-05 


I -03 


1-02 


I^OO 


•99 


.97 


•96 


•94 


•93 


•92 


•91 


•90 


•89 


•88 


•87 


7 Argus .. 


1-52 


1-49 


1-47 


^•45 


1-42 


1-40 


1-38 


1-36 


1-35 


1-33 


1-31 


1-30 


1-28 


r27 


1-25 


1-24 


a Gruis . . 


1-54 


^•5i 


1-49 


1-46 


1-44 


1-42 


1-40 


1-38 


1-36 


1*34 


1^33 


i'3i 


1-30 


I •28 


r27 


r26 


Canopus 


1-85 


1-82 


1^79 


^76 


1-74 


171 


1^69 


1-66 


1-64 


1-62 


i^6o 


1-58 


1^56 


1^54 


1-53 


i^5l 


7 Crucis . . 


2-15 


2'II 


2-07 


2-04 


2'OI 


1-98 


1-95 


1-93 


1-90 


1-88 


1-85 


1-83 


r8i 


1*79 


r77 


1-75 


a Pavonis 


2-i8 


2-14 


2^II 


2*07 


2*04 


2*OI 


1^98 


1-96 


1-93 


1-91 


r88 


1-86 


1-84 


1-82 


i-8o 


1^78 


Achernar 


224 


2-20 


2'l6 


2-13 


2^IO 


206 


2*03 


2*OI 


1-98 


1-95 


1-93 


1*91 


r89 


1-86 


1-84 


i'83 


j8 Crucis \ 
e Argiis j 


2-37 


2-33 


2-29 


2*26 


2-22 


2*19 


2*l6 


2-13 


2*10 


2-07 


2-05 


2'02 


2 '00 


1-98 


r96 


1-94 


/S Centauri 


2-44 


2-40 


2-36 


232 


229 


226 


2*22 


2^19 


2-i6 


2-14 


2^11 


2^o8 


2^o6 


2^04 


2*02 


2^00 


o*Centauri 


2*50 


2*45 


2^41 


2-37 


2-34 


230 


2^27 


2^24 


2-21 


2-i8 


2^15 


2-13 


2*10 


2-o8 


2'06 


2-04 


a* Crucis.. 


273 


2-68 


2*64 


2*6o 


2-56 


252 


2-48 


2-45 


2*42 


2^38 


2-36 


2*33 


2^30 


2-27 


2-25 


223 


a Tri. Aus. 


3-66 


360 


3-54 


3-48 


3^43 


3-38 


3-33 


3-28 


3-24 


3-20 


3^16 


312 


3*o8 


3*05 


302 


2-99 


/3 Argils .. 


375 


3-69 


3-63 


3-57 


3-52 


3-46 


3-41 


3*37 


3-32 


3-28 


3-24 


3*2o 


3-i6 


3-13 


3-IO 


3-06 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


nir 


m. 


m. 


m. 




00 


56 


52 


48 


44 


40 


36 


32 


28 


24 


20 


16 


12 


8 


4 


00 


9Hr. 


8 HOURS. 
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Tabid A. 
















When hoar angle is less than 6 hours, name the factors taken from Table A contrary to name of lat. 


3 


4 HOURS. 


6Hr. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 




00 


A 


8 


12 


16 


80 


84 


as 


aa 


86 


40 


U 


48 


58 


66 


00 


o 


1 


i 


1 


/ 


« 


1 


1 


f 


1 


1 


/ 


1 


/ 


/ 


/ 


/ 


O 


•000 


•000 


•000 


•000 


•000 


•000 


•000 


•000 


•000 


•000 


•000 


•000 


•000 


•000 


•000 


•000 


I 


'OIO 


•010 


•009 


•009 


•009 


•008 


•008 


•007 


•007 


•007 


•006 


•006 


•006 


•005 


•005 


•005 


2 


•020 


•019 


•019 


•018 


•017 


•016 


•016 


•015 


•014 


•013 


•013 


•012 


•on 


•on 


•OIO 


•009 


3 


•030 


•029 


•028 


•027 


•026 


•024 


•023 


•022 


•021 


•020 


•019 


•oi8 


•017 


•016 


•015 


•014 


4 


•040 


•039 


•037 


•036 


•034 


•033 


•031 


•030 


•028 


•027 


•025 


•024 


•023 


•021 


•020 


•019 


5 


•051 


•048 


•047 


•045 


•043 


•041 


•039 


•037 


•035 


•034 


•032 


•030 


•028 


•027 


•025 


•023 


6 


•061 


•058 


•056 


•054 


•051 


•049 


•047 


•045 


•042 


•040 


•038 


•036 


•034 


•032 


•030 


•028 


7 


•071 


•068 


•065 


•063 


•060 


•057 


•055 


•052 


•050 


•047 


•045 


•042 


•040 


'038 


•035 


•033 


8 


•081 


•078 


•075 


•072 


•069 


•066 


•063 


•060 


•057 


•054 


•051 


•048 


•046 


•043 


•040 


•038 


9 


•091 


•088 


•084 


•081 


•077 


•074 


•071 


•067 


•064 


-061 


•058 


•055 


•051 


•048 


•045 


•042 


10 


•102 


•098 


•094 


•090 


•086 


•082 


•079 


•075 


•071 


•068 


•064 


•061 


•057 


•054 


•051 


•047 


II 


*II2 


•108 


•103 


•099 


•095 


•091 


•087 


•083 


•079 


•075 


•071 


•067 


•063 


•059 


•056 


•052 


12 


•123 


•118 


•113 


•108 


•104 


•099 


•095 


•090 


•086 


•082 


•077 


•073 


•069 


•065 


•061 


•057 


13 


•133 


•128 


•123 


•ii8 


•113 


•108 


•103 


•098 


•093 


•089 


•084 


•079 


•075 


•071 


•066 


•062 


14 


•144 


•138 


•133 


•127 


•122 


•116 


•III 


•106 


•lOI 


•096 


•091 


•086 


•081 


•076 


•071 


•067 


15 


•155 


•149 


•142 


•137 


•131 


•125 


•119 


•114 


•108 


•103 


•098 


•092 


•087 


•082 


•077 


•072 


i6 


•166 


•159 


•152 


•146 


•140 


•134 


•128 


•122 


•116 


•iio 


•104 


•099 


•093 


•088 


•082 


•077 


17 


•177 


•169 


•163 


•156 


•149 


•143 


•136 


•130 


•124 


•117 


•III 


•105 


•099 


•093 


•088 


•082 


i8 


•188 


•i8o 


•173 


•166 


•158 


•152 


•145 


•138 


•131 


•125 


•118 


•112 


•106 


•099 


•093 


•087 


19 


•199 


•191 


•183 


•175 


•168 


•161 


•153 


•146 


•139 


•132 


•125 


•119 


•112 


•105 


•099 


•092 


20 


•210 


•202 


•194 


•185 


•178 


•170 


•162 


•154 


•147 


•140. 


•132 


•125 


•118 


•III 


•104 


•098 


21 


•222 


•213 


•204 


•196 


•187 


•179 


•171 


•163 


•155 


•147 


•140 


•132 


•125 


•117 


•no 


•103 


22 


•233 


•224 


•215 


•206 


•197 


•188 


•180 


•171 


•163 


•155 


•147 


•139 


''3i 


•124 


•116 


•108 


23 


•245 


•235 


•226 


•216 


•207 


•198 


•189 


•180 


•171 


•163 


•154 


•146 


•138 


•130 


•122 


•114 


24 


•257 


•247 


•237 


•227 


•217 


•208 


•198 


•189 


•180 


•171 


•162 


•153 


•145 


•136 


•128 


•119 


25 


•269 


•258 


•248 


•238 


•227 


•217 


•208 


•198 


•188 


•179 


•170 


•161 


•152 


•143 


•134 


•125 


26 


•282 


•270 


•259 


•249 


•238 


•227 


-217 


•207 


•197 


•187 


•178 


•168 


•158 


•149 


•140 


•131 


27 


•294 


•282 


•271 


•260 


•249 


•238 


•227 


•216 


•206 


•196 


•185 


•175 


•166 


•156 


•146 


•137 


28 


•307 


•295 


•283 


•271 


•259 


•248 


•237 


•226 


•215 


•204 


•194 


•183 


''P 


•163 


•152 


•142 


29 


•320 


•307 


•295 


•282 


•270 


•258 


•247 


•235 


•224 


•213 


•202 


•191 


•180 


•169 


•159 


•149 


3° 


•333 


•320 


•307 


•294 


•282 


•269 


•257 


•245 


•233 


•222 


•210 


•199 


•188 


•177 


•166 


•155 


31 


•347 


•333 


•319 


•306 


•293 


•280 


•268 


•255 


•243 


•231 


•219 


•207 


•195 


•184 


•172 


•161 


32 


•361 


•346 


•332 


•318 


•305 


•291 


•278 


•265 


•252 


•240 


•227 


•215 


•203 


•191 


•179 


•167 


33 


•375 


•360 


•345 


•331 


•317 


•303 


•289 


•276 


•262 


•249 


•236 


•224 


•211 


•199 


•186 


•174 


34 


•389 


•374 


•359 


•344 


•329 


•315 


•300 


•286 


•273 


•259 


•246 


•232 


•219 


•206 


•193 


•181 


35 


•404 


•388 


•372 


•357 


•342 


•327 


•312 


•297 


•283 


•269 


•255 


•241 


•228 


•214 


•201 


•188 


36 


•419 


•403 


•386 


•370 


'354 


•339 


•323 


•308 


•294 


•279 


•264 


•250 


•236 


•222 


•208 


•195 


37 


•435 


•418 


•401 


•384 


•368 


•351 


•336 


•320 


•304 


•289 


•274 


•259 


•245 


•230 


•216 


•202 


38 


•451 


•433 


•415 


•398 


•381 


•364 


•348 


•332 


•316 


•300 


•284 


•269 


•254 


•239 


•224 


•209 


39 


•468 


•449 


•431 


•413 


•395 


•378 


•361 


•344 


•327 


•311 


•295 


•279 


•263 


•248 


•232 


•217 
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•020 


•013 


•007 


•000 


22 


•108 


•101 


•093 


•086 


•079 


•071 


•064 


•057 


•050 


•042 


•035 


•028 


021 


•014 


•007 


•000 


23 


•114 


•106 


•098 


•090 


•083 


•075 


•067 


•060 


•052 


•045 


•037 


•030 


•022 


•0x5 


•007 


•000 


24 


•119 


•III 


•103 


•095 


•087 


•079 


•071 


•063 


•055 


•047 


•039 


•031 


•023 


•016 


•008 


•000 


25 


•125 


•1x6 


•108 


•099 


•091 


•082 


•074 


•066 


•057 


•049 


•041 


•033 


024 


•016 


•008 


•000 


26 


•131 


•122 


•113 


•104 


•095 


•086 


•077 


•069 


•060 


•051 


•043 


•034 


•026 


•017 


•009 


•000 


27 


•137 


•127 


•118 


•108 


•099 


•090 


•o8x 


•072 


•063 


•054 


•045 


•036 


•027 


•018 


•009 


•000 


28 


•142 


•133 


•123 


•113 


•103 


•094 


•084 


•075 


•065 


•056 


•047 


•037 


•028 


•019 


•009 


•000 


29 


•149 


•138 


•128 


•118 


•108 


•098 


•088 


•078 


•068 


•058 


•048 


•039 


•029 


•019 


•0x0 


•000 


30 


•155 


•144 


•133 


•123 


•112 


•102 


■09X 


•o8x 


•071 


•061 


•051 


•040 


•030 


•020 


•010 


•000 


31 


•161 


•150 


•139 


•128 


•117 


•106 


•095 


•084 


•074 


•063 


•053 


•042 


•031 


•02X 


•010 


•000 


32 


•167 


•156 


•144 


•133 


•121 


•no 


•099 


•088 


•077 


•066 


•055. 
•057 


•044 


•033 


*022 


•on 


•000 


33 


•174 


•162 


•150 


•138 


•126 


•115 


•103 


•091 


•080 


•068 


•045 


•034 


•023 


•on 


•000 


34 


•181 


•168 


•156 


•143 


•131 


•119 


•X07 


•095 


•083 


•07X 


•059 


•047 


•035 


•024 


•012 


•000 


35 


•188 


•175 


•162 


•149 


•136 


•123 


•XXX 


•098 


•086 


•074 


•o6x 


•049 


•037 


•024 


•012 


•000 


36 


•195 


•181 


•168 


•154 


•141 


•128 


•115 


•X02 


•089 


•076 


•064 


•051 


•038 


•025 


•013 


•000 


37 


•202 


•188 


•174 


•160 


•146 


•133 


•XX9 


•X06 


•093 


•079 


•066 


•053 


•039 


•026 


•013 


•000 


38 


•209 


•195 


•180 


•166 


■152 


•138 


•X24 


•iio 


•096 


•082 


•068 


•055 


•041 


•027 


•014 


•000 


39 


•217 


•202 


•187 


•172 


•157 


•143 


•128 


•114 


•099 


•085 


•071 


•057 


•042 


•028 


•014 


•000 


40 


•225 


•209 


•194 


•178 


•163 


•148 


•133 


•118 


•103 


•088 


•073 


•059 


•044 


•029 


•015 


•000 


41 


•233 


•217 


•201 


•185 


•169 


•153 


•138 


•122 


•107 


•091 


•076 


•061 


•046 


•030 


•015 


•000 


42 


•241 


•224 


•208 


•191 


•175 


•159 


•143 


•127 


•III 


•095 


•079 


•063 


•047 


•031 


•016 


•000 


43 


•250 


•233 


•215 


•198 


•181 


•164 


•148 


•131 


•XI4 


•098 


•082 


•065 


•049 


•033 


016 


•000 


44 


•259 


•241 


•223 


•205 


•188 


•170 


•153 


•136 


•XI9 


•lOI 


•084 


•068 


•051 


•034 


•017 


•000 


45 


•268 


•249 


•231 


•213 


•194 


•176 


•158 


•X4I 


•123 


•105 


•087 


•070 


•052 


•035 


•017 


•000 


46 


•277 


•258 


•239 


•220 


•201 


•183 


•164 


•146 


•127 


•109 


•091 


•072 


•054 


•036 


'•oi8 


•000 


47 


•287 


•267 


•248 


•228 


•208 


•189 


•X70 


•X5I 


•132 


•XI3 


•094 


•075 


•056 


•037 


•019 


•000 


48 


•298 


•277 


•256 


•236 


•216 


•196 


•176 


•156 


•136 


•117 


•097 


•078 


•058 


•039 


•019 


•000 


'49 


•308 


•287 


•266 


•245 


•224 


•203 


•182 


•162 


•141 


•I2X 


•lOX 


•080 


•060 


•040 


•020 


•000 


50 


•319 


•297 


•275 


•253 


•232 


•210 


•189 


•167 


•146 


•125 


•X04 


•083 


•062 


•042 


•021 


000 


51 


•331 


•308 


•285 


•262 


•240 


•2X8 


•196 


•174 


•152 


•130 


•108 


•086 


065 


•043 


•022 


•000 


52 


•343 


•319 


•295 


•272 


•249 


•226 


•203 


•x8o 


•157 


•135 


•XI2 


•090 


•067 


•045 


•022 


•000 


53 


•356 


•331 


•306 


•282 


•258 


•234 


•210 


•187 


•163 


•139 


•XI6 


•093 


•070 


•046 


•023 


■000 


54 


•369 


•343 


•318 


•293 


•268 


•243 


•2x8 


•193 


•169 


•145 


•120 


•096 


•072 


•048 


•024 


•000 


55 


•383 


•356 


•330 


•304 


•278 


•252 


•226 


•201 


•175 


•150 


•125 


•100 


•075 


•050 


•025 


•000 


56 


•397 


•370 


•342 


•315 


•288 


•26X 


•235 


•208 


•182 


•156 


•130 


•104 


•078 


•052 


•026 


•000 


57 


•413 


•384 


•356 


•327 


•299 


•272 


•244 


•216 


•189 


•162 


•135 


•108 


•o8x 


•054 


•027 


•000 


58 


•429 


•399 


•369 


•340 


•311 


•282 


•253 


•225 


•196 


•168 


•140 


•XX2 


•084 


•056 


•028 


•000 


59 


•446 


•415 


•384 


•354 


•324 


•293 


•264 


•234 


•204 


•175 


•X46 


•xi6 


•087 


•058 


•029 


•000 


60 


•464 


•432 


•400 


•368 


•337 


•305 


•274 


•243 


•213 


•182 


•152 


•121 


•091 


•060 


•030 


000 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 




00 
7Hr. 


56 


52 


48 


44 


40 


36 


32 


28 ■ 


24 


20 


16 


12 


8 


4 


00 


6 HOURS. 1 



When hour angle is more than 6 hours, 
name of the latitude. 



name the factors taken from Table A the sanu as the 



17 

Table B. 

Always name the factors taken from Table B the same as the name of declination. 



Deolinftlion. 


HOUBS. 


6Hr. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 




00 


4 


8 


12 


16 


90 


84 


SB 


82 


86 


40 


44 


48 


52 


66 


00 


o 
O 


•000 


•000 


1 
•000 


< 
000 


t 
-000 


1 
-000 


i 
•000 


1 
-000 


1 
-000 


* 
•000 


1 

•000 


1 
•000 


t 
-000 


1 
•000 


1 
•000 


1 
-000 


I 


•oi8 


•018 


•018 


•018 


•018 


•018 


•018 


-018 


-018 


-018 


•018 


•017 


-017 


•017 


-017 


•017 


2 


•036 


•036 


•036 


•036 


•036 


•035 


•035 


•035 


•035 


•035 


•035 


•035 


•035 


•035 


•035 


•035 


3 


•054 


•054 


•054 


•054 


•053 


-053 


-053 


•053 


•053 


•053 


•053 


•053 


•052 


•052 


•052 


•052 


4 


•072 


•072 


•072 


•071 


•071 


-071 


-071 


-071 


•070 


•070 


•070 


•070 


•070 


•070 


-070 


-070 


5 


•091 


•090 


•090 


•089 


•089 


•089 


-089 


•088 


-088 


-088 


-088 


•088 


•088 


-088 


-088 


-087 


6 


•109 


•108 


•108 


•107 


-107 


-107 


•106 


•106 


•106 


-106 


•106 


•105 


•105 


•105 


•105 


•105 


7 


•127 


•127 


•126 


•126 


•125 


•125 


•124 


•124 


•124 


•123 


•123 


•123 


•123 


-123 


•123 


•123 


8 


•145 


•145 


•144 


•144 


•143 


•143 


•142 


•142 


•142 


•141 


•141 


•141 


•141 


•141 


•141 


•141 


9 


•164 


•163 


•163 


•162 


•161 


•161 


•160 


•160 


•160 


•159 


•159 


•159 


•159 


•158 


•158 


•158 


lO 


•183 


•182 


•181 


•180 


-180 


•179 


•179 


•178 


•178 


•177 


•177 


•177 


•177 


•176 


•176 


•176 


II 


•201 


•200 


•199 


•199 


•198 


•197 


•197 


•196 


-196 


•195 


•195 


•195 


•195 


•194 


•194 


•194 


12 


•220 


•219 


•218 


•217 


-217 


•216 


•215 


•215 


-214 


•214 


•213 


•213 


•213 


•213 


•213 


-213 


13 


•239 


•238 


•237 


•236 


•235 


•234 


-234 


•233 


•233 


-232 


•232 


-231 


•231 


•231 


•231 


•231 


14 


•258 


•257 


•256 


•255 


-254 


•253 


•252 


•252 


-251 


•251 


•250 


•250 


-250 


•249 


249 


-249 


15 


•277 


•276 


•275 


•274 


•273 


•272 


•271 


•271 


•270 


-269 


•269 


•269 


•268 


-268 


-268 


-268 


16 


•297 


•296 


•294 


•293 


•292 


-291 


•290 


•290 


•289 


-288 


•288 


-287 


-287 


-287 


-287 


•287 


17 


•317 


•315 


•314 


•313 


•311 


•310 


•310 


•309 


•308 


-307 


•307 


•306 


•306 


•306 


-306 


•306 


18 


•336 


•335 


•333 


•332 


•331 


•330 


•329 


•328 


•327 


•327 


•326 


-326 


•325 


•325 


-325 


•325 


19 


•356 


•355 


•353 


•352 


•351 


•350 


•349 


•348 


•347 


-346 


•346 


•345 


•345 


•345 


•344 


•344 


20 


•377 


'375 


•374 


•372 


•371 


•370 


-369 


•368 


•367 


-366 


•365 


•365 


-364 


•364 


•364 


•364 


21 


•397 


•396 


•394 


•392 


-391 


•390 


•389 


•388 


•387 


•386 


•385 


•385 


•384 


•384 


-384 


-384 


22 


•418 


•416 


•415 


•413 


-412 


•410 


•409 


•408 


-407 


•406 


•406 


-405 


•405 


•404 


•404 


•404 


23 


•439 


•437 


•436 


•434 


•432 


•431 


•430 


•429 


•428 


•427 


-426 


-426 


•425 


•425 


-425 


•424 


23«> 28' 


•449 


•447 


•446 


•444 


•442 


•441 


•440 


•438 


•437 


•437 


•436 


•435 


•435 


•434 


•434 


•434 


24 


•461 


•459 


•457 


•455 


•454 


•452 


•451 


•450 


•449 


•448 


•447 


-446 


•446 


•445 


•445 


•445 


25 


•483 


•481 


•479 


•477 


•475 


•474 


•472 


•471 


•470 


•469 


•468 


•467 


•467 


•467 


-466 


-466 


26 


•505 


•503 


•501 


•499 


•497 


•495 


•494 


•493 


•491 


•490 


•490 


•489 


•488 


•488 


•488 


-488 


27 


•527 


•525 


•523 


•521 


•519 


•517 


•516 


•515 


•513 


-512 


•511 


-511 


•510 


•510 


-510 


-510 


28 


•550 


•548 


•346 


•544 


•542 


•540 


•538 


•537 


•536 


•535 


•534 


•533 


•532 


•532 


•532 


•532 


29 


•574 


•571 


•569 


•567 


•565 


•563 


•561 


•560 


•558 


•557 


•556 


■556 


•555 


•555 


•554 


•554 


30 


•598 


•595 


•593 


•590 


•588 


•586 


•585 


•583 


•582 


•581 


•580 


•579 


•578 


•578 


•577 


•577 


stars. 
N. Decln. 


Procyon 


•099 


•098 


•098 


•098 


•097 


-097 


-097 


-096 


•096 


•096 


•096 


•096 


•096 


•096 


•096 


-096 


Altair .. 


•157 


•156 


•156 


•155 


•155 


•154 


•154 


•153 


•153 


•153 


•152 


•152 


•152 


•152 


•152 


•152 


Aldebar'n 


•303 


•302 


•301 


•300 


•298 


•297 


•297 


•296 


•295 


•295 


•294 


•294 


•293 


•293 


•293 


•293 


Arcturus 


'370 


•368 


•367 


•365 


-364 


•363 


•362 


•361 


•360 


•359 


•359 


•358 


•358 


•357 


•357 


•357 


Castor . . 


•649 


•646 


•643 


•641 


•639 


•637 


•635 


•633 


•632 


•630 


•629 


•628 


•628 


•627 


-627 


•627 


Vega .. 


•829 


•826 


•822 


•819 


-816 


-813 


-811 


•809 


-807 


-806 


•804 


•803 


•802 


•802 


-801 


•801 


Deneb . . 


1-03 


I -03 


1*02 


1*02 


1-02 


I -01 


I -01 


i-oi 


lOI 


i-oo 


I-oo 


I-oo 


I-OO 


I-oo 


I-OO 


I-oo 


Capella 


1-07 


ro6 


i-o6 


106 


1-05 


I -05 


105 


1-04 


1-04 


104 


I -04 


I -03 


I -03 


103 


103 


103 


aPersei .. 


1*21 


I'2I 


I*20 


1-20 


I-I9 


I-I9 


I-I9 


1-18 


i'i8 


i-i8 


i-i8 


I-I7 


I-I7 


I-I7 


I-I7 


I-I7 


i7UrsaBMaj 


1-22 


1*22 


I-2I 


I-2I 


1-20 


I -20 


I-20 


119 


1-19 


I-I9 


1-19 


I-I8 


i-i8 


1-18 


i-i8 


i-i8 


eUrsaMaj. 


156 


1*55 


1*55 


1-54 


1-54 


1-53 


1-53 


£•52 


1-52 


1-52 


1-51 


I-5I 


1-51 


1-51 


1-51 


1-51 


aUrsaeMaj. 


1-97 


196 


I 95 


1-94 


1-94 


1-93 


1-92 


1-92 


1-91 


1-91 


1-91 


1-90 


1-90 


1-90 


1-90 


1-90 


S. Decln. 




















• 














Rigel .. 


•151 


•150 


•150 


•149 


-149 


-148 


-148 


•147 


•147 


•147 


•147 


•146 


•146 


•146 


•146 


•146 


Sirius .. 


•308 


•307 


•306 


•305 


•303 


•303 


•302 


•301 


•300 


-300 


•299 


•299 


•298 


•298 


-298 


-298 


eSagittarii 


•710 


706 


703 


701 


•698 


-696 


•694 


-692 


-691 


-689 


•688 


-687 


•686 


•686 


•686 


•685 


\ Scorpii 


•781 


778 


•774 


771 


•769 


-766 


•764 


•762 


•760 


759 


757 


-756 


-756 


755 


755 


755 


7 Argfts 


I-II 


I-II 


i-io 


i-io 


I-IO 


I -09 


1-09 


1-09 


1-08 


I 08 


I -08 


1-08 


1-08 


I -08 


I 08 


I 08 


aGruis 


I-I3 


I'I2 


112 


I-II 


I-II 


I-IO 


I-IO 


IIO 


IIO 


109 


I 09 


I -09 


109 


1-09 


1-09 


109 


Canopus 


1-36 


1-35 


1-34 


1-34 


1*33 


1-33 


I '33 


I 32 


132 


1-32 


1-32 


1-31 


1-31 


1-31 


1-31 


I-3I 


7 Crucis . . 


i'57 


1-56 


1-56 


i'55 


1*55 


1*54 


i'54 


1-53 


1*53 


1-53 


1-52 


1-52 


1-52 


1-52 


1-52 


1-52 


a Pavonis, 


I 60 


1-59 


1-58 


1-58 


1*57 


1-57 


1-56 


1-56 


1-55 


1-55 


1-55 


1*55 


1*54 


1-54 


1*54 


1-54 


Achernar 


164 


163 


1-62 


1-62 


i-6i 


i-6i 


I -60 


I 60 


1-59 


1-59 


1-59 


1-59 


1-58 


1-58 


1-58 


1-58 


/8 Crucis 1 
c Argtis 1 


1-74 


173 


172 


1-72 


1-71 


1-70 


1-70 


1-69 


1-69 


1-69 


1-68' 


1-68 


1-68 


1-68 


1-68 


1-68 


i3 Centauri 


179 


178 


177 


1-77 


176 


175 


175 


174 


174 


174 


173 


173 


173 


1-73 


173 


1-73 


d^ Centauri 


1-83 


1-82 


i-8i 


180 


I 80 


179 


179 


1-78 


1-78 


1-77 


1-77 


1-77 


1-77 


1-77 


1-77 


1-76 


a* Crucis .. 


2-00 


1-99 


198 


1-97 


1-97 


1-96 


1-95 


I 95 


1-94 


1-94 


1-94 


1*93 


1-93 


1-93 


i'93 


1*93 


a Tri. Aus. 


2-68 


2-67 


265 


264 


2-64 


263 


2-62 


2-6i 


2-6i 


2-6o 


2-60 


2-59 


2-59 


2*59 


259 


259 


/3 Argils .. 


275 


273 


272 


271 


270 


269 


2 69 


2-68 


267 


267 


2-66 


2-66 


266 


2-65 


2-65 


265 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 




00 


56 


52 


48 


44 


40 


36 


32 


28 


24 


20 


16 


12 


8 


4 


00 


7Hr. 


6 HOURS. 1 



2— Az. 
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Table A. 

AVhen hour aai^ U Ibm thui 6 hours, name the foctors taken from Table A contrary to name of lat. 



■*• 


HOUR. 


IHr. 




Var. 
































^ 


m. 


tor 

ofL. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


xn. 


m. 


01. 


m. 


m. 


m. 


m. 


m. 




1 


4 


• 


12 


16 


90 


94 


98 


89 


36 


40 


44 


48 


59 


66 


00 


o 

6i 


/ 
413 


17-0 


'°3 


1 
52 


t 
34 


t 
26 


i 
21 


1 
17*2 


147 


12-8 


II-4 


10-2 


1 
9*3 


8-5 


7-8 


1 
7-2 


1 
67 


62 


431 


18-11 


108 


54 


36 


27 


21 


17-9 


15-3 


13-4 


n-9 


107 


97 


8-8 


8-1 


7'5 


7-0 


63 


450 


19-4 


112 


56 


37 


28 


22 


187 


i6-o 


140 


12-4 


II-I 


10*1 


9-2 


8-5 


7*9 


7-3 


64 


470 


10-8 


117 


59 


39 


29 


23 


19-5 


167 


147 


12-9 


II-6 


10-5 


9-6 


8-9 


8-2 


77 


65 


491 


92*4 


123 


61 


41 


31 


25 
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17*5 


15-3 


13*5 


12*2 


ii-o 


lo-i 


9*3 


8-6 


8-0 


66 
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U4-8 


129 


64 


43 


32 


26 


21-4 


i8-3 


i6*o 


14-2 
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11-6 


iO'6 


97 


9-0 


8-4 


67 
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67 


45 


34 


27 


22*4 


19-2 


i6-8 


14-9 


13-4 


12*1 


ii-i 
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9*4 


8-8 


68 
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iJ8-6 
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71 


47 


35 


28 


235 
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17-6 


15-6 


14-0 


127 
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107 


9.9 
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69 
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75 


50 


37 


30 
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21'2 


i8-5 


16-4 


14-8 
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12-3 
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97 


70 
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34-3 
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79 
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39 


31 
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17-3 


15-6 


14-1 


12-9 


II-9 
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71 
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37-8 
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83 


55 


42 


33 


27-6 
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18-3 
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14-9 
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12-6 


II-6 


10-8 


72 
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88 


59 


44 


35 
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/ 
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5*9 


5-55 
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5-24 
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3-87 
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3'54 


3*39 


3'25 
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62 


70 
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579 
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4-90 
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4*43 


4-22 


4-03 


3-86 
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3-39 
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63 
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6-8 


6-4 


6*04 


570 


5*39 
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4-86 


4-62 
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4-02 


3-85 


369 


3-54 
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64 


77 
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67 


6-31 


5*95 


5-63 


5-34 


5-07 


4-83 


4-61 


4-40 


4*20 


4-02 


3-86 
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65 
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5-89 
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6-91 
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77 
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5-83 
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4-83 


4-62 
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69 


97 
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90 
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5-89 
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4-96 
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71 
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7-98 
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6-84 
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72 
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8-46 


8-02 
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m. 


m. 


m. 


m. 
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m. 
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m. 
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2-15 
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2-o8 


1 

2'00 


1-93 


1-87 
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62 


3-26 


3*13 


3-01 
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269 


2-59 


2-50 


2-41 


232 


2-24 


2-16 


2-09 


2*02 


1-95 


1-88 


63 


3*40 


3*27 


3-14 


3-02 


2*91 


2-8o 


270 


2-6o 


2-51 


2-42 


2-34 


2-26 


2-i8 


2*IO 


2-03 


1-96 


64 


3-55 


3*41 


3-28 


3'i6 


3*04 


2-93 


2-82 
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2-62 


2-53 


2-44 


2-36 
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65 
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2-56 
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3-89 
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2-98 


2-87 
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67 


4-o8 
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2-91 
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2-48 
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4-01 
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9 HOURS. 1 



When hour angle is mora than 6 hours, name -the factors taken from Table A the sums as the 
name of the latitude. 
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Table A. 

When hoar angle is less than 6 hours, name the factors taken from Table A contrary to name of lat. 



3 HOURS. 



00 



m. 

4 



12 



m. 
16 



m. 
32 



m. 
36 



m. 
40 



m. 
44 



m. 
4B 



m. 
56 



4Hr. 



00 



I -So 
1-88 
1-96 
2-05 

2-14 

2*25 
2-36 
2-48 

2*6l 

2-75 
2-go 
3-08 



174 

1-82 

I 'go 
1-98 

2*07 
2*17 

2-28 

2-39 

2*52 
2*65 

2-8o 
2-97 



1-68 

175 
1-83 
I -91 

2*00 
2*09 
2'20 
2-31 

2*43 
2-56 
2*71 
2-87 



1*62 
1*69 
177 

1-85 
1-93 

2 '02 
2*12 
2*23 

2*35 

2*47 
2-6i 

277 



1-57 
1-63 
171 
178 

1-86 

1*95 
2*05 

2-15 

2*26 

2*39 
2*52 
2-68 



1-51 
1-58 
1-65 
172 

I -80 
1-88 
1-98 
2-o8 

2*19 
2-31 

2*44 
2-58 



1*46 
1-52 
1*59 
1-66 

174 
1-82 
1-91 

2*00 
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2-22 

2-35 
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1-41 
1*47 
1*53 
I -60 

1-68 
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1-84 
I-93 

2*04 
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1-36 
1-42 
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1*55 

1*62 
1*69 
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1-87 

1-96 
2*07 
2-19 
2-32 



1-31 
1*37 
1-43 
1*49 

1-56 
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1-89 
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2*24 
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1-50 
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1-82 
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2'l6 



1-22 
1*27 
1-32 

1-38 

1-45 
1-51 
1-59 
1-67 
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1-96 
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1*22 
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1*33 

1-39 
1*46 

1-53 
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1*69 
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1-55 

1*63 
172 
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i-i8 
1*23 

I '29 

i'35 
1-42 
1-49 
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1-65 
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1-85 
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1*09 

I-I3 
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20 
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28 


82 


36 


40 


44 


48 


52 


66 
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61 
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I '00 
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1 
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1 
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77 


/ 
73 
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1 
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i 
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•55 


i 
•52 
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•48 


62 
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I'OO 
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76 


72 
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•61 


•57 


•54 


•50 


63 
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79 


75 


71 
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•56 
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64 
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I'OO 
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79 


75 


71 
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I'OO 
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I-I9 


I-I4 
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1-35 
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•89 
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•286 
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•158 


•126 


•095 


'063 


•031 


1 
•000 


62 


•504 


•469 


•434 


•400 


•366 


•332 


•298 


•264 


•231 


'I98 


•165 


•132 


•099 


'066 


•033 


•000 


63 


•526 


•489 


•453 


•417 


•381 


•346 


•311 


'276 


'241 


•206 


•172 


•^37 


•103 


'069 


•034 


•000 


64 


•549 


•511 


•473 


•436 


•399 


•362 


•325 


•288 


'252 


•215 


•179 


•143 


•107 


•072 


•036 


•000 


6S 


•575 


•535 


•495 


•456 


•417 


•378 


•340 


'301 


•263 


•225 


•188 


•150 


•112 


•075 


•037 


•000 


66 


•602 


•560 


•519 


•477 


•437 


•396 


•356 


•3i6 


•276 


•236 


•197 


'157 


'II8 


•078 


•039 


•000 


67 


•631 


•587 


•544 


•501 


•458 


•415 


•373 


•331 


•289 


•248 


•206 


•165 


•123 


'082 


'041 


'OOO 


68 


•663 


•617 


•571 


•526 


•481 


•436 


•392 


•348 


•304 
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•217 


'173 


•130 


•086 


•043 


'OOO 


69 


•698 


•650 


•601 


•554 


•506 


•459 


•413 


•366 


•320 
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•091 
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'OOO 


70 


•736 


•685 
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•584 


•534 


•484 


•435 
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•337 
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'I44 


•096 


'O48 


•000 


7^ 


•778 


•724 


•670 


'617 


•565 
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'460 


•408 


•357 


•305 


•254 
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•051 


'OOO 


72 


•825 
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•215 


'I61 
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•054 


'OOO 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 




00 


56 


52 


48 


44 


40 


36 


32 


28 


24 


20 


16 


12 


8 


4 


00 


7Hr. 


6 HOURS. 1 



When hour angle is more than 6 hours, name the factors taken from Table A the same as tha 
name of the latitude. 
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Table A. 

iVhen hour angle is lass than 6 houn, name the £aetors taken from Table A ton$rMy to name of lat. 
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OHOUR, 


IHr. 


m. 
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Ofli. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


xn. 


m. 


111. 
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• 


U 


U 


» 


94 


« 


89 


86 


40 


a 


48 


n 


54 


00 


e 


1 


M 


1 


« 


1 


1 


1 


1 


1 


t 


1 


1 


« 


1 


« 


1 


1 


73 


750 


47 


187 


94 


62 


47 


37 


31 


26-6 


233 


207 


i8-5 


i6-8 


15-4 


14-2 


I3-I 


12*2 


74 


799 


63 


200 


100 


67 


50 


40 


33 


28-4 


24-8 


22*0 


19-8 


17-9 


16-4 


I5-I 


14-0 


13-0 


75 


855 


00 


214 


107 


71 


53 


43 


35 


304 


266 


23-6 


21-2 


19-2 


176 


i6-2 


15-0 


13-9 


76 


919 


09 


230 


"5 


77 


57 


46 


38 


327 


28-5 


253 


227 


20'6 


i8-9 


17-4 


i6-i 


15-0 


77 


993 


80 


248 


124 


83 


62 


50 


41 


35*3 


30-8 


273 


246 


22-3 


20-4 


i8-8 


17*4 


i6-2 


78 


1078 


93 


270 


135 


90 


67 


54 


45 


38-3 


33-5 


297 


267 


242 


22*1 


20-4 


18-9 


17-6 


79 


1179 


lU 


295 


147 


98 


74 


59 


49 


41-9 


366 


325 


29-2 


26*5 


24*2 


22-3 


20-6 


19*2 


8o 


1300 


1^4 


325 


162 


108 


81 


65 


54 


462 


40-4 


35-8 


322 


292 


267 


24-6 


227 


21'2 


8i 


1447 


16S 


36a 


181 


120 


90 


72 


60 


51*4 


44'9 


39-9 


35-8 


32-5 


297 


27-3 


25-3 


23-6 


82 


1631 


210 


408 


204 


136 


102 


8i 


68 


58-0 


50-6 


44-9 


40-4 


36-6 


33*5 


30-8 


28-5 


266 


83 


1867 


375 


467 


233 


155 


116 


93 


77 


66-3 


58*0 


51-4 


46-2 


41-9 


38*3 


353 


327 


30-4 


84 


2181 


37T 


545 


272 


i8i 


136 


109 


91 


77*5 


67-7 


6o-i 


540 


48-9 


44*8 


41-2 


38-2 


35*5 


85 


2620 


548 


655 


327 


218 


163 


131 


109 


93*1 


81-3 


72-2 


64-8 


58-8 


53-8 
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When hour angle is more than 6 hours, 
jpAme of the latitude. v 



name the factors taken from Table A the satne as the 
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Table A. 

When hour angle is less than 6 hours, name the factors taken from Table A contrary to name of lat. 
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When hour angle is more than 6 hours, name the factors taken from Table A the same as the 
name of the latitude. 
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Table B. 

Always name the factors taken from Table B the sams as the name, of declination. 
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3-6g 


332 


303 


278 
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6U 
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8-6i 
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575 


4*93 
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32 
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17-9 


11-9 
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3-60 
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33 
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6-69 
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533 
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34 
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6-88 
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9-67 
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6-45 
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485 
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35 
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6-96 
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4-i8 


3-86 


3-59 
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42 
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43 
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617 


556 


506 


464 


429 


399 


373 


45 


229 


8-00 


573 


287 


191 


H'3 


II-5 


957 


8-21 


719 


639 


576 


524 


481 


4-45 


4-13 


3-86 


46 


237 


9rm 


59-3 


297 


19-8 


14-8 


ri-9 


991 


8*50 


7-44 


6-62 


596 


543 


498 


460 


4-28 


400 


47 


246 


800 


61-4 


307 


205 


154 


I2'3 


103 


880 


771 


6-86 


618 


562 


516 


477 


443 


414 


48 


255 


8-93 


636 


318 


21*2 


15-9 


127 


10*6 


911 


798 


7*10 


640 


582 


5*34 


494 


459 


429 


49 


264 


930 


659 


330 


22*0 


16-5 


13-2 


no 


9*44 


827 


7*35 


662 


603 


5*53 


511 


47t 


444 


50 


273 


9-69 


68-3 


34* I 


22-8 


171 


137 


II-4 


978 


856 


762 


6-86 


625 


573 


530 


493 


460 


51 


283 


10-1 


708 


354 


236 


177 


142 


II-8 


lOI 


887 


789 


711 


6-47 


594 


549 


510 


477 


52 


293 


10-6 


733 


367 


245 


183 


147 


12-2 


105 


9'20 


818 


7*37 


671 


616 


569 


529 


495 


53 


304 


11-1 


76*0 


380 


254 


19*0 


15-2 


127 


10-9 


954 


848 


764 


695 


638 


590 


5*49 


513 


54 


315 


11-6 


789 


394 


263 


197 


15-8 


132 


ii'3 


989 


880 


7*93 


721 


662 


612 


5-6g 


532 


55 


327 


12-2 


8i-8 


409 


27-3 


205 


164 


137 


117 


10-3 


913 


8-22 


7-48 


687 


6-35 


590 


552 


56 


340 


12-8 


849 


425 


283 


21-3 


170 


14-2 


12-2 


107 


9-48 


8-54 


777 


713 


659 


613 


573 


57 


353 


J3-6 


88-2 


441 


294 


221 


£77 


147 


12-6 


ii-i 


984 


8-87 


807 


7*41 


6-85 


6-37 


5 95 


58 


367 


14*3 


917 


45*9 


306 


229 


i8-4 


15-3 


131 


n-5 


IO-2 


922 


8-39 


770 


711 


662 


618 


59 


381 


16-1 


954 


477 


31-8 


239 


19-1 


159 


137 


120 


IO-6 


958 


872 


800 


740 


6-88 


6-43 


60 


397 


160 


99-2 


49-6 


331 


248 


19-9 


i6-6 


142 


12-4 


ii-i 


9*97 


908 


8-33 


770 


7-16 


669 


61 


413 


17-0 


103 


517 


345 


259 


207 


17*3 


148 


130 


II-5 


104 


945 


8-68 


802 


746 


697 


62 


431 


18-2 


108 


53*9 


359 


270 


21-6 


i8-o 


154 


135 


120 


IO-8 


986 


905 


836 


777 


7-27 


63 


450 


19*4 


112 


562 


37*5 


281 


225 


188 


161 


141 


12-5 


11*3 


IO-3 


944 


872 


811 


758 


64 


470 


20-1 


117 


587 


39-2 


294 


235 


19-6 


i6-8 


147 


131 


n"8 


107 


986 


9n 


848 


792 


65 


491 


22-4 


123 


614 


410 


307 


246 


205 


17-6 


15*4 


137 


12-3 


n-2 


103 


953 


8-86 


829 


66 


515 


24-2 


129 


644 


429 


322 


25-8 


215 


18-4 


161 


144 


129 


II-8 


IO-8 


998 


928 


8-68 


67 


540 


26-2 


135 


675 


450 


33-8 


270 


225 


19*3 


i6'9 


151 


t3-6 


123 


"•3 


IO-5 


974 


9' 10 


68 


567 


28-6 


142 


709 


47*3 


355 


284 


237 


203 


17-8 


15-8 


14-3 


130 


II-9 


no 


IO-2 


956 


69 


597 


31-2 


149 


74-6 


49-8 


37'3 


299 


249 


21*4 


187 


167 


150 


137 


125 


II-6 


IO-8 


lO'I 


70 


630 


34-3 


157 


787 


525 


394 


31-5 


263 


22*5 


197 


17-6 


15-8 


14-4 


132 


122 


II-4 


106 


71 


666 


37-8 


166 


83-2 


55-5 


416 


333 


27-8 


238 


209 


i8-6 


167 


15-2 


140 


129 


I2'0 


II-2 


72 


705 


42-0 


176 


88-2 


58-8 


44-1 


353 


294 


253 


221 


197 


177 


161 


14-8 


137 


127 


II-9 


73 


750 


47 


187 


937 


62-5 


469 


375 


313 


26-8 


235 


209 


i8-8 


17-1 


157 


14-5 


135 


12-6 


74 


799 


63 


200 


999 


66-6 


500 


40*0 


334 


286 


251 


22-3 


201 


183 


168 


155 


14-4 


13-5 


75 


855 


60 


214 


107 


71-3 


535 


428 


357 


306 


268 


239 


215 


19-6 


i8o 


166 


15*4 


14-4 


76 


919 


69 


230 


"5 


766 


575 


460 


384 


329 


288 


256 


231 


210 


193 


178 


166 


15-5 


77 


993 


80 


248 


124 


828 


621 


497 


41-4 


35-5 


3^1 


277 


249 


227 


208 


193 


179 


167 


78 


1078 


93 


270 


135 


899 


674 


540 


450 


38-6 


33-8 


301 


271 


247 


22-6 


209 


194 


i8-2 


79 


1 179 


111 


295 


147 


983 


73-8 


590 


49-2 


42*2 


370 


32-9 


296 


270 


247 


229 


213 


199 


80 


1300 


134 


325 


163 


108 


8i-3 


55-1 


54'3 


46-5 


407 


36-3 


327 


297 


273 


25-2 


234 


21-9 


81 


1447 


165 


362 


181 


121 


905 


724 


604 


51-8 


454 


40-4 


364 


331 


304 


280 


26- 1 


244 


82 


1631 


210 


408 


204 


136 


102 


3i-6 


68- 1 


58-4 


5fi 


455 


410 


373 


342 


316 


294 


275 


83 


1867 


275 


467 


233 


156 


117 


934 


779 


66-8 


58-5 


521 


469 


427 


39*2 


362 


337 


31-5 


84 


2180 


377 


545 


273 


182 


136 


109 


91 


78-1 


68-4 


608 


54-8 


49*9 


45-8 


423 


393 


368 


85 


2620 


548 


655 


328 


218 


164 


131 


109 


93-8 


82-1 


73-1 


658 


599 


550 


50-8 


472 


44*2 


m. 




m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 
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56 
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48 
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36 


32 


28 


24 
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4 
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' Table B. 

Always name the factors taken from Table B the same as the name of decimation. 



1 


1 HOUR. 


2Hrs. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


8 
Q 


00 


4 


8 


13 


16 


90 


M 


98 


89 


88 


40 


44 


48 


59 


56 


00 


o 
30 


2-23 


s 
209 


1-97 


1-87 


177 


1-69 


1-61 


1-54 


xV 


1-42 


1-37 


/ 
I 32 


i 
I 27 


1-23 


I'I9 


r'15 


31 


232 


218 


2'06 


1-94 


185 


176 


1-68 


160 


1*54 


1-48 


1-42 


i'37 


132 


1-28 


1-24 


I-20 


32 


2-41 


227 


214 


2'02 


1-92 


1-83 


174 


167 


I -60 


1-54 


1-48 


1-43 


138 


1*33 


129 


1-25 


33 


251 


236 


222 


2'IO 


199 


190 


i-8i 


173 


1-66 


i-6o 


i'54 


148 


1-43 


1-38 


1-34 


1-30 


34 


261 


2-45 


231 


218 


2*07 


197 


1-88 


I 80 


173 


1-66 


i-6o 


1-54 


1-49 


1-44 


I 39 


1-35 


35 


2-71 


2*54 


239 


227 


215 


205 


195 


1-87 


179 


172 


1-66 


160 


1*54 


1-49 


1*44 


140 


36 


2*8l 


264 


248 


235 


223 


212 


2 03 


1-94 


1-86 


179 


172 


1-66 


160 


1-55 


1-50 


1*45 


37 


291 


273 


2-58 


244 


2-31 


2'20 


2'XO 


201 


1-93 


185 


178 


172 


1-66 


i-6i 


1-55 


I-5I 


3^ 


302 


283 


267 


253 


2 '40 


228 


218 


2 09 


200 


192 


1-85 


178 


172 


1-66 


i-6i 


156 


39 


313 


294 


277 


2-62 


2*49 


2-37 


2*26 


2-i6 


207 


1-99 


192 


185 


178 


172 


167 


1-62 


40 


324 


304 


287 


272 


2-58 


2*45 


234 


224 


215 


206 


1-99 


I 91 


-1-85 


179 


173 


1-68 


41 


336 


3'i5 


297 


2-8i 


2 67 


2-54 


243 


232 


222 


214 


206 


198 


191 


185 


179 


174 


42 


3-48 


327 


308 


291 


^'U 


2-63 


2-51 


240 


230 


2-21 


213 


205 


198 


192 


1-86 


i-8o 


43 


360 


3-38 


319 


3-02 


2-86 


273 


260 


2-49 


2-39 


229 


2-21 


213 


205 


199 


1-92 


187 


4f 


373 


3'50 


330 


3-13 


297 


282 


269 


258 


2*47 


237 


2- 29 


2-20 


213 


206 


1*99 


193 


45 


3-86 


363 


342 


324 


307 


2 92 


279 


267 


2-56 


246 


2-37 


228 


2'20 


213 


206 


200 


46 


400 


376 


354 


335 


318 


303 


289 


276 


2-65 


255 


2-45 


236 


228 


2-21 


214 


207 


47 


414 


389 


3-67 


3*47 


329 


314 


2-99 


2-86 


274 


264 


2-54 


2-45 


236 


228 


2*21 


214 


48 


429 


403 


380 


359 


3-41 


3-25 


310 


296 


284 


273 


263 


253 


2*45 


2-37 


229 


2*22 


49 


4 44 


417 


393 


372 


3*53 


336 


321 


307 


2*94 


283 


272 


2-62 


2*53 


2-45 


237 


230 


50 


460 


432 


408 


3-86 


3-66 


348 


333 


3-i8 


305 


293 


282 


272 


.63 


2-54 


2 46 


238 


51 


477 


448 


4-22 


400 


379 


3'6i 


345 


330 


316 


304 


292 


282 


272 


263 


255 


2-47 


52 


495 


464 


438 


414 


393 


374 


357 


342 


328 


315 


303 


292 


282 


273 


2-64 


256 


53 


513 


481 


4*54 


429 


408 


3-88 


37c 


354 


3-40 


3"26 


3-14 


303 


2 92 


283 


274 


265 


54 


532 


4*99 


471 


4-54 


4-23^ 


'4-02 


384 


367 


352 


338 


3-26 


3-14 


303 


293 


284 


275 


55 


5*52 


5-i8 


4-88 


4-62 


4*39 


4-i8 


399 


381 


3-66 


351 


338 


3-26 


3-15 


304 


2-95 


2-86 


56 


573 


538 


507 


480 


455 


4-33 


4-14 


396 


379 


365 


3-51 


338 


327 


316 


306 


2-97 


57 


595 


5-59 


5*27 


4-98 


473 


450 


4'3C 


411 


394 


379 


364 


3*51 


3*39 


328 


318 


308 


58 


618 


5-8i 


5*47 


518 


492 


468 


4 47 


4-27 


410 


393 


379 


365 


353 


341 


330 


320 


59 


6-43 


6*04 


569 


539 


511 


4-87 


46^ 


444 


4-26 


409 


3*94 


380 


367 


355 


343 


3"33 


60 


669 


6-28 


5*92 


561 


532 


506 


4-8: 


462 


4*43 


426 


4-IO 


3*95 


382 


369 


3*57 


3-46 


61 


697 


6-55 


617 


584 


554 


527 


503 


482 


462 


4-44 


4-27 


412 


397 


384 


372 


3-6i 


62 


7-27 


682 


6-43 


609 


578 


5-50 


525 


5.02 


4-8i 


462 


4*45 


429 


414 


401 


3-88 


376 


63 


7-58 


712 


671 


6-35 


603 


574 


548 


524 


502 


483 


464 


4-48 


432 


4-i8 


405 


393 


64 


792 


744 


701 


663 


630 


5-99 


572 


5*47 


525 


5-04 


4-85 


4-68 


4-52 


4*37 


423 


410 


65 


8-29 


778 


7*33 


6-94 


659 


6-27 


598 


572 


549 


527 


5-07 


489 


472 


457 


442 


429 


66 


8-68 


8-15 


7-68 


727 


690 


6-57 


627 


600 


575 


552 


5-31 


512 


495 


478 


463 


4'49 


67 


9* IP 


8-55 


806 


762 


724 


6-89 


6-57 


629 


603 


579 


5*57 


537 


519 


502 


486 


■471 


68 


956 


8-98 


8-47 


801 


760 


7-24 


6-91 


661 


6-33 


609 


5-86 


565 


545 


527 


511 


495 


69 


ipi 


945 


891 


8-43 


800 


7-62 


7-27 


695 


6-67 


6-40 


616 


594 


574 


5*55 


5*37 


5-21 


70 


IO-6 


997 


940 


889 


8-44 


8-03 


767 


733 


703 


675 


6-50 


627 


605 


585 


567 


549 


71 


11*2 


105 


993 


940 


892 


8-49 


8-10 


775 


743 714 1 


6-87 


663 


6*40 


6- 19 


599 


5-8i 


72 


II-9 


II-2 


ID'S 


996 


945 


9*oo 


8-59 


8-22 


788 


757 


7-28 


7 02 


678 


656 


6-35 


6-i6 


73 


12-6 


11-9 


11*2 


IO-6 


100 


9*56 


913 


873 


8-37 


804 


774 


746 


7-20 


6-97 


675 


654 


74 


13-5 


12.7 


II-9 


II-3 


107 


IO'2 


973 


931 


8-93 


8-57 


8-25 


796 


7-68 


7-43 


7-19 


6*97 


75 


14-4 


13-5 


12-8 


121 


11-5 


10*9 


IO-4 


996 


955 


918 


8-83 


8-51 


8-22 


795 


770 


7-46 


76 


15-5 


14-6 


137 


130 


12-3 


117 


II-2 


107 


IO-3 


9-86 


9*49 


9-15 


883 


8-54 


8-27 


8-02 


77 


167 


157 


148 


140 


I3'3 


127 


I2'I 


II-6 


III 


10-6 


IO'2 


988 


954 


923 


8-93 


8-66 


78 


i8-2 


17-1 


161 


15-2 


14-5 


13-8 


131 


12-6 


I2*0 


II-6 


ii'i 


107 


104 


lO'O 


970 


9-41 


79 


19-9 


187 


17-6 


166 


15-8 


15*0 


14-4 


137 


132 


12-6 


12*2 


117 


II-3 


no 


IO-6 


103 


80 


219 


206 


194 


184 


17-4 


166 


15-8 


151 


I4'5 


139 


13-4 


129 


12-5 


I2'I 


117 


II-3 


81 


24-4 


229 


21-6 


204 


19-4 


i8-5 


17-6 


i6'9 


i6-2 


15*5 


14-9 


14*4 


13-9 


13-4 


130 


12-6 


82 


27-5 


258 


24*3 


230 


21'9 


20-8 


19-9 


i9"o 


i8-2 


17-5 


i6-8 


l6*2 


157 


15-2 


^i'l 


14-2 


^3- 


31-5 


295 


279 


264 


250 


23-8 


227 


217 


20-8 


200 


193 


i8-6 


17-9 


173 


168 


163 


84 


368 


345 


325 


308 


29* 2 


27-8 


265 


254 


244 


234 


225 


217 


210 


203 


19-6 


190 


85 


44-2 


415 


391 


370 


351 


33*4 


319 


305 


293 


28- 1 


270 


26- 1 


252 


24-3 


236 


22*9 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 




00 


56 


52 


48 


44 


40 


36 


32 


28 


24 


20 


16 


12 


8 


4 


00 


llHrs. 




10 HOURS. 
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Tables. 
Always nama the factors taken firom Table B the sam* as the name of declination. 



j 




8 HOURS. 










1 


SHrs. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


1 


00 


4 


8 


U 


U 


90 


M 


98 


88 


88 


48 


44 


48 


89 


88 


80 


o 

30 


i 
115 


t 
112 


.J09 


1^06 


i'o3 


1 
XOI 


•98 


•96 


•94 


1 
•92 


1 
•90 


•88 


-86 


•85 


•83 


-82 


31 


1-20 


I-I7 


113' I'lOl 


107 


X05 


I -02 


X-00 


•98 


•95 


•93 


•92 


•90 


-88 


•86 


•85 


32 


1-25 


1-21 


ri8 


115 


X'X2 


X09 


i*o6 


104 


I -01 


•99 


•97 


•95 


•93 


•92 


-90 


-88 


33 


X-30 


1-26 


1-23 


119 


XI6 


'*'! 


X'lO 


X08 


105 


X03 


I -OX 


•99 


•97 


•95 


•93 


•92 


34 


1-35 


1-31 


x-27 


X-24 


1-2X 


x-i8 


I-I5 


X'X2 


I*IO 


107 


105 


103 


I'OX 


•99 


•97 


•95 


35 


1-40 


136 


1-32 


1-29 


x-25 


X*22 


X-X9 


i-i6 


X-X4 


x*xx 


x-09 


X-07 


1-05 


x-03 


i-oi 


•99 


36 


1*45 


1-41 


1-37 


1-33 


i'30 


x-27 


1-24 


I'2I 


1x8 


XX5 


X-X3 


I'XI 


1-09 


X-07 


105 


x-03 


37 


X-5I 


1-46 


1-42 


1-38 


1-35 


X-3I 


1-28 


1-25 


1-22 


X*20 


1x7 


X-X5 


1-30 


I'XO 


108 


107 


38 


1-56 


152 


.1-47 


1-43 


1-40 


x-36 


1-33 


X-30 


1-27 


X-24 


X-22 


XX9 


X-X7 


I-I5 


112 


IIO 


39 


1-62 


1-57 


1*53 


1-49 


1-45 


X-4I 


1-38 


1-35 


1-32 


x-29 


x-26 


x-23 


I-2I 


X-X9 


1x7 


«-i5 


40 


1-68 


1-63 


1-58 


x-54 


1-50 


x-46 


1*43 


1-39 


1-36 


133 


1-31 


x-28 


X-25 


1-23 


X-2I 


X-I9 


41 


'*Z^ 


169 


164 


i-6o 


1-55 


x-52 


1-48 1-44 


I-4I 


x-38 


1*35 


1*33 


X-30 


x-27 


1-25 


1-23 


42 


rSo 


175 


I 70 


165 


i-6i 


1-57 


1-53 I 50 


x-46 


1-43 


x-40 


1*37 


1*35 


1-32 


1-30 


1-27 


43 


1-87 


i-8i 


176 


171 


x-67 


::§ 


1-59, 1*55 


1-51 


x-48 


1*45 


x-42 


I 39 


1*37 


i'34 


x-32 


44 


1*93 


1-87 


1-82 


177 


173 


X'64 I '60 


1*57 


1-53 


X-50 


x-47 


1-44 


x-42 


1-39 


1-37 


45 


2*00 


1-94 


1-89 


1-84 


179 


174 


170 


1-66 


1-62 


x-59 


x-56 


x-52 


1-49 


1-47 


x-44 


1-41 


46 


207 


2'0I 


1-95 


1-90 


185 


i-8i 


176 


172 


1-68 


1-65 


x-6x 


x-58 


1-55 


1-52 


x-49 


x-46 


47 


214 


208 


2*02 


1-97 


1-92 


1-87 


1-82 


178 


174 


X-70 


x-67 


x-63 


x-6o 


1-57 


1*54 


1-52 


48 


2*22 


216 


2'IO 


204 


1-99 


x-94 


1-89 


1-85 


i-8o 


x-76 


173 


x-69 


x-66 


1-63 


x-6o 


1-57 


49 


2-30 


223 


2-17 


2-II 


206 


2-OI 


1-96 


I-9I 


187 


183 


179 


175 


1-72 


x-69 


x-66 


x-63 


50 


238 


2-31 


2*25 


2'19 


213 


2-o8 


2*03 


x-98 


x-94 


1-89 


185 


x-82 


'1^ 


175 


x-72 


x-69 


51 


2*47 


2*40 


2*33 


227 


2*21 


2-15 


2-IO 


2 05 


2-01 


1-96 


x-92 


x-88 


185 


x-8i 


x-78 


175 


52 


2-56 


2*49 


242 


235 


229 


223 


2-i8 


213 


208 


203 


1*99 


x-95 


1-91 


1-88 


x-84 


x-8i 


53 


265 


2-58 


250 


2-44 


2-37 


231 


2-26 


2-2X 


2X6 


2XX 


2-o6 


2-02 


x-98 


x-95 


X-9I 


1-88 


54 


2-75 


267 


2'6o 


2-53 


2*46 


240 


2-34 


229 


2*24 


2-X9 


2-X4 


2-10 


206 


2 02 


x-98 


1-95 


55 


2-86 


277 


270 


2*62 


2-55 


2'49 


2*43 


2*37 


232 


2-27 


2-22 


2x8 


213 


209 


2-o6 


2-02 


56 


2-97 


2-88 


280 


272 


2 65 


258 


252 


2 46 


2-41 


236 


2-3X 


2*26 


2-22 


2-X7 


2-13 


2-10 


57 


308 


299 


2-91 


283 


275 


2-68 


262 


2*56 


250 


2*45 


2-40 


2*35 


2-30 


2-26 


2*22 


2-18 


58 


320 


311 


302 


2-94 


2-86 


279 


272 


2-66 


2*60 


2-54 


2-49 


2-44 


2-39 


2-35 


2-30 


2-26 


59 


333 


3?3 


3-14 


306 


298 


2*90 


283 


277 


270 


264 


2-59 


2-54 


2*49 


2-44 


2-40 


2-35 


60 


3-46 


336 


327 


318 


310 


302 


2-95 


2-88 


2-8i 


275 


2*69 


2-64 


2-59 


2*54 


249 


2-45 


61 


3-61 


350 


340 


3-31 


323 


3*15 


307 


300 


293 


2-87 


2-8i 


275 


2-70 


2 65 


2-6o 


2-55 


62 


376 


365 


355 


345 


336 


328 


3-20 


313 


305 


2-99 


2*93 


2-87 


2-8x 


276 


2-71 


2-66 


63 


3-93 


381 


370 


360 


351 


342 


3-34 


3-26 


319 


312 


305 


2-99 


2*93 


2-88 


283 


2-78 


64 


4- 10 


3-98 


387 


376 


367 


3*57 


3*49 


3-41 


3*33 


3*26 


3x9 


313 


306 


301 


295 


2-90 


65 


4*29 


4-i6 


4-05 


394 


384 


374 


3^5 


356 


348 


3-41 


3*34 


3-27 


320 


3*14 


309 


303 


66 


4'49 


4-36 


424 


4-12 


402 


392 


382 


373 


3-65 


3-57 


3*49 


3*42 


336 


329 


323 


3-i8 


67 


471 


4*57 


4*45 


4*33 


4-21 


4-II 


401 


391 


383 


374 


3-67 


3-58 


352 


345 


339 


333 


68 


4*95 


4-8i 


4-67 


454 


4*43 


4-32 


4-21 


411 


4-02 


393 


3-85 


377 


370 


363 


3-56 


3-50 


69 


5-21 


506 


4*92 


478 


4-66 


4-54 


4-43 


4*33 


423 


414 


4-05 


397 


389 


382 


375 


3-68 


70 


5-49 


533 


5-i8 


5-04 


4-91 


479 4-67 


^'17 


4-46 


4-37 


4-27 


4-19 


4-ix 


403 


396 


3-89 


71 


5-8i 


5-64 


5-48 


533 


519 


506 494 


483 


472 


461 


4-52 


4-43 


4*34 


4-26 


4-i8 


4-n 


72 


616 


598 


581 


565 


5-50 


5*37 


524 


5-II 


500 


4-89 


479 


469 


460 


4-51 


443 


4*35 


73 


6-54 


6-35 


6-17 


6-01 


585 


570 


5-56 


5*43 


531 


520 


5*09 


4*99 


489 


4-8o 


471 


4-63 


74 


6-97 


677 


6-58 


640 


624 


608 


5*93 


579 


5-66 


5-54 


5-43 


5-32 


5-21 


511 


502 


4-93 


75 


7-46 


7-25 


7-04 


6-85 


667 


6-51 


6-35 


6*20 


6-o6 


5-93 


5-8i 


5-69 


5-58 


5-47 


5*37 


5-28 


76 


8-02 


779 


7*57 


736 


7-17 


6-99 


682 


6-66 


6-51 


6-37 


6*24 


6-II 


599 


5-88 


577 


5-67 


77 


8-66 


8-41 


817 


7*95 


775 


7-55 


7'37 


720 


7-04 


6-88 


6-74 


660 


6-47 


6-35 


6-24 


6-13 


78 


9-41 


9-13 


8-88 


8-64 


8-41 


8- 20 


800 


7-82 


7-64 


7-48 


7*32 


7-17 


7-03 


6-90I 6-771 


6-65 


79 


IO-3 


9*99 


971 


9'45 


9'20 


8-97 


875 


8-55 


8-36 


8-17 


8-00 


7-84 


7-6g 


7*54 


7-41 


7-28 


80 


n-3 


11*0 


107 


10-4 


lO'I 


9-89 


9-65 


942 


9-21 


9*01 


8-82 


8-64 


8-48 


8-32 


8-16 


8-02 


81 


I2'6 


12-3 


II-9 


II-6 


11-3 


II'O 


107 


10-5 


xo-3 


100 


982 


962 


9-44 


9-26 


9-09 


8-93 


82 


14-2 


13-8 


I3'4 


13-1 


127 


12'4 


X2'I 


II-8 


II-6 


11-3 


ii-i 


IO-8 


IO-6 


10-4 


IO-2 


lo-i 


83 


16-3 


15-8 


'1'^ 


150 


14-6 


14-2 


13-9 


13*5 


13-2 


12-9 


12-7 


12-4 


12-2 


II-9 


XX7 


11-5 


84 


19-0 


i8-5 


i8-o 


17-5 


17-0 


i6-6 


i6-2 


15-8 


15-5 


15-1 


14-8 


14-5 


14-2 


14-0 


137 


13-5 


85 


22-9 


22'2 


21-6 


21 'O 20*4 


19-9 


19-4 


19-0 


i8-6 


i8-2 


17-8 


17*4 


17-1 


i6-8 


16-5 


i6-2 


m. 


m. 


m. 


m. 


m. 


m. 
40 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 




00 


56 


52 


48 


44 


36 


32 


28 


24 


20 


16 


12 


8 


4 


00 


lOHrs. 


9 HOURS. 1 
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Table B. 

Always name the factoft taken from Table B the samt as the name of declination. 



1 


8 HOURS. ^ 


4 Hrs. 1 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


1 


00 


4 


8 


19 


U 


90 


84 


28 


88 


86 


40 


44 


48 


08 


56 


00 


o 

30 


•62 


•80 


1 

79 


•78 


t 
76 


1 
75 


i 
74 


1 
73 


t 
72 


71 


1 

70 


1 
70 


1 
•69 


•68 


i 
•67 


t 
•67 


31 


■85 


•^ 


•82 


•81 


•80 


78 


77 


•76 


75 


74 


73 


72 


72 


71 


•70 


•69 


32 


•88 


•87 


■?5 


•84 


•83 


•82 


•80 


79 


78 


77 


76 


75 


75 


74 


73 


72 


33 


•92 


•90 


•89 


•87 


•86 


•85 


•84 


•82 


•81 


•80 


79 


78 


77 


77 


76 


75 


34 


•95 


94 


92 


•91 


•89 


•88 


•87 


•86 


•84 


•83 


•82 


•81 


•80 


•80 


79 


78 


35 


•99 


•97 


•96 


•94 


•93 


91 


•90 


•89 


88 


•87 


•85 


•84 


•83 


•83 


•82 


•81 


36 


103 


I 01 


99 


•98 


•96 


•95 


•93 


•92 


91 


•90 


•89 


•88 


•87 


•86 


•85 


•84 


37 


107 


I 05 


103 


lOI 


i-oo 


98 


•97 


•96 


'^i 


•93 


■92 


•91 


•90 


-89 


•88 


•87 


38 


IIO 


109 


1-07 


I -05 


I 04 


I -02 


i-oi 


*99 


98 


•97 


•95 


'^i 


•93 


•92 


•91 


•90 


39 


115 


I-I3 


i-ii 


109 


107 


i-o6 


I -04 


1*03 


I 01 


i-oo 


'99 


•98 


*97 


•95 


•94 


•94 


40 


I-I9 


1-17 


115 


113 


I II 


I'lO 


108 


J 06 


1-05 


1-04 


I 02 


roi 


100 


•99 


•98 


•97 


41 


1-23 


I'2I 


119 


ri7 


I-I5 


1*13 


112 


1*10 


ro9 


1-07 


ro6 


1-05 


I 04 


103 


101 


I'OO 


42 


1-27 


125 


1-23 


I'2I 


119 


118 


116 


1-14 


I 13 


i-ii 


IIO 


109 


107 


106 


105 


1*04 


43 


132 


130 


128 


1-25 


^■^1 


1*22 


I-20 


118 


I 17 


115 


114 


112 


I II 


IIO 


109 


108 


44 


1-37 


1-34 


132 


1-30 


1-28 


r26 


1-24 


1-23 


1*21 


119 


i-i8 


116 


115 


114 


113 


1*12 


45 


1*41 


I 39 


1-37 


1*35 


i'33 


I-3I 


I 29 


1-27 


I 25 


I 24 


1*22 


1-21 


I 19 


i-i8 


I 17 


i'i5 


46 


1-46 


1*44 


142 


1-39 


137 


1*35 


''33 


1 31 


1-30 


128 


126 


125 


123 


1*22 


121 


I 20 


47 


1-52 


I 49 


1-47 


1*44 


142 


1-40 


1-38 


1-36 


1*34 


1*33 


1-31 


I 29 


I 28 


I 26 


125 


1-24 


48 


1-57 


I 54 


152 


1-49 


1*47 


1-45 


i'43 


141 


1-39 


I '37 


1-36 


1*34 


132 


1-31 


1*30 


1-28 


49 


1-63 


160 


i'57 


1-55 


1-52 


I '50 


1-48 


1-46 


1*44 


1-42 


1-40 


1*39 


1*37 


1-36 


1-34 


1*33 


50 


1-69 


1-66 


163 


160 


158 


1-56 


1-53 


1-51 


1-49 


1*47 


1*45 


1-44 


142 


1-41 


139 


1-38 


51 


175 


172 


169 


1-66 


164 


I -61 


1-59 


^'57 


1*55 


1-53 


1-51 


I 49 


1*47 


146 


144 


1*43 


52 


i-8i 


178 


175 


172 


170 


1-67 


1-65 


162 


160 


1-58 


1-56 


1-54 


153 


1-51 


1-49 


1-48 


53 


1-88 


184 


i-8i 


179 


176 


173 


171 


1-68 


166 


164 


I 62 


160 


1-58 


1-56 


1*55 


1-53 


54 


1-95 


1-91 


1-88 


x-85 


182 


I 80 


I 77 


^75 


I 72 


170 


1-68 


1-66 


1-64 


162 


i-6i 


1-59 


55 


202 


1-99 


195 


1-92 


1-89 


1-86 


184 


r-8i 


179 


177 


T74 


1-72 


170 


1-68 


1^67 


1-65 


56 


2-IO 


2-o6 


203 


1-99 


1-96 


194 


1-91 


1-88 


1-86 


183 


i-8i 


179 


1-77 


175 


173 


171 


57 


2-i8 


2-14 


211 


207 


204 


2'OI 


198 


195 


193 


I 90 


1-88 


1-86 


1-84 


1-82 


I 80 


178 


58 


2*26 


2-22 


2-19 


215 


212 


2-09 


206 


203 


2*00 


198 


1-95 


1-93 


191 


189 


1-87 


1-85 


59 


235 


231 


228 


224 


221 


217 


214 


211 


208 


2 06 


2 03 


2 01 


198 


1-96 


194 


1*92 


60 


2*45 


2-41 


2-37 


2-33 


229 


2*26 


2-23 


2-20 


217 


214 


2*11 


2-09 


207 


204 


202 


2*00 


61 


2-55 


251 


2-47 


243 


239 


236 


232 


2-29 


2-26 


223 


2'20 


2-i8 


215 


213 


210 


2 08 


62 


2-66 


2-6i 


2-57 


2*53 


249 


2-46 


242 


239 


2-35 


232 


2-30 


227 


224 


2-22 


2- 19 


2^17 


63 


278 


273 


2-68 


264 


260 


2-56 


2-53 


249 


246 


2-43 


2*40 


2-37 


234 


2-31 


229 


2-27 


64 


2*90 


285 


280 


276 


272 


2-68 


264 


260 


2-57 


2*53 


2-50 


2-47 


2*44 


2-42 


239 


2-37 


65 


303 


298 


293 


289 


284 


2-8o 


2*76 


272 


269 


265 


262 


2*59 


2-56 


2-53 


2-50 


2-48 


66 


3-i8 


312 


307 


302 


298 


2-93 


289 


285 


2-8i 


278 


274 


271 


2-68 


265 


262 


2-59 


67 


3*33 


3-28 


322 


317 


312 


3-08 


303 


2-99 


295 


291 


2-88 


2-84 


2-8i 


278 


275 


272 


68 


3-50 


344 


3-38 


333 


328 


323 


3-18 


314 


310 


3^o6 


302 


299 


2-95 


2-92 


289 


2-86 


69 


3-68 


362 


356 


3-51 


3*45 


3-40 


335 


3-31 


3-26 


322 


318 


314 


3-II 


3-07 


3-04 


301 


70 


3-89 


3-82 


376 


370 


364 


3*59 


3*54 


349 


344 


340 


3'35 


3-31 


3-28 


3-24 


321 


3-17 


71 


4-1 1 


404 


3*97 


391 


385 


379 


374 


369 


364 


359 


355 


350 


346 


3-42 


339 


3-35 


72 


4'35 


428 


4-21 


4-14 


408 


4^02 


396 


3'9i 


385 


380 


376 


371 


3-67 


363 


359 


3*55 


73 


463 


^'55 


447 


4-40 


433 


4-27 


421 


4*15 


410 


404 


399 


395 


390 


3-86 


382 


3*78 


74 


4*93 


485 


477 


4-69 


462 


4*55 


4*49 


4*43 


437 


431 


4-26 


421 


4-i6 


4-II 


407 


403 


75 


5-28 


5-19 


510 


5'02 


495 


4-87 


480 


474 


4-67 


461 


4-56 


4-50 


4-45 


440 


4*35 


4*31 


76 


567 


5-58 


5-48 


540 


531 


5-24 


5-i6 


5-09 


5-02 


4-96 


490 


484 


478 


473 


4-68 


463 


77 


613 


602 


592 


5-83 


574 


565 


5*57 


5-50 


542 


535 


5*29 


522 


5-i6 


5-II 


505 


500 


78 


665 


6-54 


6-43 


6-33 


623 


6-14 


6^05 


5-97 


589 


5-82 


574 


567 


561 


5*55 


5-49 


5*43 


79 


728 


7*15 


703 


692 


682 


672 


6-62 


6-53 


6-44 


6-36 


628 


6-21 


6-13 


607 


600 


5*94 


80 


8 02 


7-88 


775 


763 


751 


7-40 


730 


720 


7-IO 


7*oi 


692 


6-84 


676 


6-69 


662 


6-55 


81 


8-93 


878 


863 


8-50 


8-37 


8-24 


8-12 


8-OI 


791 


7-8o 


771 


7-62 


7*53 


7-45 


7*37 


7-29 


82 


lo-i 


9-89 


973 


957 


943 


9-29 


9-16 


903 


891 


880 


869 


8-58 


8-48 


8*39 


8-30 


8-22 


83 


II-5 


II-3 


III 


no 


10-8 


106 


10-5 


IO-3 


IO-2 


10- 1 


994 


982 


971 


960 


950 


9-40 


84 


I3'5 


13-2 


130 


12-8 


12-6 


12-4 


12-2 


I2-I 


11-9 


11-8 


11-6 


II-5 


"•3 


II-2 


n^i 


II'O 


85 


162 


15-9 


15-6 


15-4 


15-1 


149 


147 


14-5 


14-3 


14-1 


14-0 


13-8 


13-6 


i3'5 


133 


132 


m. 


m. 


"mT" 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 
00 




00 


56 


52 


48 


44 


40 


36 


32 


28 


24 


20 


16 


12 


8 


4 
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Table B. 

Always name the factors taken from Table B the same as the name of declination. 



1 


4 HOURS. 

1 


5Hra. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


1 


00 


4 


8 


U 


U 


90 


94 


M 


8S 


SO 


40 


44 


4S 


S9 


50 


00 


o 

30 


•67 


66 


•65 


•65 


•64 


i 
•64 


•63 


•63 


1 
62 


1 

•62 


i 
•61 


1 
•61 


1 
•6i 


60 


1 
•60 


•^ 


31 


•69 


•69 


•68 


•67 


•67 


•66 


•66 


•65 


•65' 64 


•64 


•64 


•63 


•63 


•63 


•62 


32 


•72 


•71 


71 


70 


•70 


•69 


•68 


•68 


•67 67 


•66 


•66 


•66 


•65 


•65 


•65 


33 


•75 


•74 


'7j 


■73 


•72 


72 


71 


71 


•70 70 


•69 


•69 


•68 


•68 


•68 


•67 


34 


•78 


•77 


76 


76 


•75 


74 


74 


73 


73 72 


72 


71 


71 


71 


•70 


70 


35 


•81 


•80 


79 


79 


•78 


77 


77 


•76 


76 75 


75 


74 


74 


73 


73 


72 


36 


•84 


•83 


•82 


•82 


•81 


•80 


•80 


79 


78 78 


77 


77 


•76 


•76 


•76 


75 


37 


•87 


•86 


•85 


•85 


•84 


•83 


•82 


•82 


•81 


•81 


•80 


•80 


79 


79 


78 


78 


38 


•90 


•89 


•88 


•88 


•87 


•86 


■86 


•85 


•84 


•84 


•83 


•83 


•82 


•82 


•81 


•81 


39 


•94 


•93 


•92 


•91 


•90 


•89 


•89 


•88 


•87 


•87 


•86 


•86 


•85 


•85 


■84 


•84 


40 


•97 


•96 


•95 


•94 


•93 


•93 


•92 


•91 


•90 


•90 


•89 


•89 


•88 


•88 


•87 


•87 


41 


100; 99 


•98 


•98 


•97 


•96 


95 


•94 


•94 


•93 


'93 


•92 


•91 


-91 


•90 


•90 


42 


I 04' I 03 


I -02 


I 01 


100 


•99 


99 


•98 


•97 96 


•96 


•95 


•95 


H 


•94 


•93 


43 


I 08; I 07 


I 06 


I 05 


104 


103 


I 02 


I'OI 


I 01 I 00 


•99 


•99 


•98 


•98 


•97 


•97 


44 


I'I2 


Z'ZO 


109 


108 


107 


ro7 


106 


105 


I 04 I 03 


103 


I 02 


I 02 


lOI 


I 00 


i-oo 


45 


115 


114 


113 


I'I2 


l-ll 


I'lO 


109 


109 


108 


107 


106 


106 


105 


105 


104 


104 


46 


1*20 


118 


I-I7 


i-i6 


I-I5 


I-I4 


I 13 


I^I2 


I^I2 


I^II 


i-io 


I'lO 


109 


I 08 


108 


107 


47 


1-24 


1-23 


1-21 


I 20 


I-I9 


i-i8 


I-I7 


ri6 


ri6 


I-I5 


I-I4 


ri3 


113 


I-I2 


1*12 


i-ii 


48 


1-28 


1 27 


I 26 


125 


124 


1-23 


I 22 


121 


I 20 


ri9 


i-i8 


ri7 


ri7 


ri6 


i-i6 


I-I5 


49 


1*33 


1*32 


1*30 


1 29 


1-28 


1-27 


I 26 


125 


1-24 


1-23 


1*22 


1-22 


121 


I 20 


I 20 


119 


30 


138 


136 


i'35 


1*34 


1*33 


1-31 


130 


I 29 


129 


1-28 


1-27 


I 26 


1-45 


1-25 


I 24 


I '23 


5^ 


1*43 


1-41 


I 40 


I 39 


1-37 


1-36 


1-35 


I 34 


133 


1-32 


1-31 


r3i 


I 30 


1 29 


I 28 


128 


52 


148 


146 


1-45 


r44 


142 


1-41 


140 


1-39 


1-38 


1-37 


1-36 


1-35 


135 


1-34 


133 


I 33 


33 


1*53 


152 


1-50 


149 


148 


146 


I '45 


1-44 


143 


142 


1-41 


140 


,140 


1-39 


1-38 


I '37 


54 


1*59 


1-57 


1-56 


I '54 


I 53 


1-52 


1*51 


1-50 


1-48 


1*47 


1-46 


146 


1-45 


I 44 


143 


142 


55 


165 


1-63 


162 


r6o 


I '59 


1-58 


1-56 


I 55 


1*54 


1-53 


I^52 


1-51 


I-50 


1-49 


1-49 


1-48 


56 


171 


170 


1-68 


1-66 


165 


1-64 


I 62 


I -61 


160 


1-59 


I -55 


1-57 


156 


1-55 


1-54 


I '53 


57 


178 


176 


174 


173 


1-71 


1-70 


169 


1-67 


1-66 


165 


1-64 


1-63 


I 62 


i-6i 


I 60 


I '59 


58 


185 


183 


i-8i 


I 80 


178 


1-77 


175 


174 


173 


1-71 


170 


169 


1-68 


167 


166 


1-66 


59 


192 


190 


1-88 


187 


185 


1-84 


r82 


181 


179 


178 


177 


r76 


175 


174 


173 


I 72 


60 


2*00 


198 


196 


I 94 


1-93 


1-91 


190 


r88 


1-87 


186 


1^84 


183 


182 


181 


I 80 


179 


6i 


208 


2'06 


204 


202 


2*OI 


1-99 


I 97 


1-96 


I 95 


I '93 


I 92 


I-9I 


I 90 


1-89 


1-88 


1-87 


62 


217 


215 


213 


211 


209 


208 


206 


2 04 


203 


201 


2 00 


I 99 


1-98 


1-97 


196 


1-95 


63 


227 


224 


2*22 


220 


2-i8 


2-17 


2^I5 


213 


2-12 


2-IO 


209 


208 


206 


205 


204 


203 


64 


237 


2-34 


232 


230 


228 


226 


224 


223 


221 


.2-20 


2-i8 


217 


2l6 


214 


2-13 


2^12 


65 


2-48 


2-45 


2-43 


241 


2-39 


2-37 


235 


2-33 


2-31 


230 


2-28 


227 


225 


224 


223 


2*22 


66 


2*59 


2-57 


2*54 


2-52 


2-50 


2-48 


246 


244 


242 


241 


2*39 


238 


236 


235 


234 


233 


67 


272 


269 


267 


264 


2-62 


260 


2-58 


2-56 


2-54 


2-52 


2-51 


249 


2-48 


246 


245 


244 


68 


2-86 


283 


280 


2^78 


275 


273 


271 


269 


2-67 


265 


263 


262 


260 


259 


2*57 


2-56 


69 


301 


298 


2-95 


292 


290 


287 


285 


283 


2-8i 


279 


277 


2-76 


274 


272 


271 


270 


70 


3-17 


314 


311 


308 


306 


303 


301 


298 296 


294 


292 


291 


289 


2-87 


2-86 


284 


71 


335 


332 


329 


3-26 


323 


320 


318 


316 3-13 


3" 


309 


307 


3*05 


304 


302 


301 


72 


3-55 


352 


349 


345 


342 


3-40 


3*37 


334 332 


3-30 


3-28 


326 


324 


322 


320 


3' 19 


73 


378 


374 


370 


367 


364 


3-6i 


358 


355, 353 


350 


3-48 


346 


3*44 


342 


340 


339 


74 


403 


399 


3*95 


3-91 


3-88 


385 


382 


379 376 


374 


371 


369 


367 


365 


363 


361 


75 


4-31 


427 


423 


4-19 


4-15 


4-12 


4-09 


405 403 


400 


3'97 


395 


392 


390 


3-88 


3-86 


76 


463 


459 


4'54 


450 


446 


443 


439 


436 4-33 


430 


427 


424 


422 


4-19 


4*17 


415 


77 


500 


4-95 


491 


4-86 


482 


478 


474 


.471 


4-67 


464 


461 


458 


4*55 


453 


4*51 


4-48 


78 


5-43 


538 


533 


528 


523 


5-19 


5-15 


5-II 


5-07 


504 


501 


498 


4*95 


492 


4-89 


487 


79 


5-94 


5-88 


583 


577 


572 


5-68 


563 


559 


555 


5-51 


547 


544 


541 


538 


5*35 


5*33 


80 


6-55 


648 


6-42 


6-37 


631 


626 


6-21 


6^i6 


6^12 


607 


6*04 


600 


596 


593 


590 


587 


81 


729 


722 


r'5 


709 


702 


697 


6-91 


6-86: 681 


676 


672 


6-68 


664 


660 


6-57 


6-54 


82 


8-22 


814 


806 


799 


792 


7-85 


779 


773' 7-67 


7-62 


7*57 


7*53 


l'^^ 


'744 


740 


737 


83 


940 


9-31 


922 


914 


906 


8-99 


892 


885 8^78 


872 


867 


861 


8-56 


8-52 


8-47 


8-43 


84 


ii-o 


io*9 


108 


107 


IO-6 


IO-5 


io^4 


IO-3 


io'3 


I0^2 


lo-i 


lO^I 


lO^O 


995 


990 


985 


85 


13-2 


131 


129 


12-8 


127 


12-6 


I2^5 


124 


123 


12^2 


I2'2 


I2-I 


120 


120 


11-9 


n8 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 




00 


56 


52 


48 


44 


40 


36 


32 


28 


24 


20 


16 


12 


8 


4 


00 


SHrs. 


7 HOURS. t 
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Table B. 

Always name the factors taken from Table B the same as the name of declination. 



1 


6 HOURS. 


GHrs. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


1 
m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


00 


4 


S 


12 


16 


90 


M 


S8 


82 


86 


40 


44 


48 


S2 


56 


00 


o 

30 


•60 


'eo 


1 
•59 


•59 


•59 


/ 
•59 


•58 


■5S\ -58 


•58 


•58 


4 
•58 


1 
•58 


'SB 


•58 


■ss 


31 


•62 


62 


•62 


•61 


•61 


•61 


•61 


•61 


•61 


60 


•60 


•60 


•60 


•60 


-60 


•60 


32 


•65 


•64 


•64 


•64 


•64 


•63 


•63 


•63 


•63 


•63 


•63 


•63 


•63 


•63 


•62 


'62 


33 


•67 


•67 


•67 


•66 


•66 


•66 


•66 


•66 


•65 


•65 


•65 


•65 


•65 


•65 


■65 


•65 


34 


•70 


•70 


•69 


•69 


•69 


•68 


•68 


•68 


•68 


•68 


•68 


•68 


•68 


•67 


•67 


•67 


35 


•72 


•72 


•72 


72 


•71 


71 


71 


71 


71 


•70 


•70 


•70 


•70 


70 


•70 


'70 


36 


•75 


•75 


•75 


•74 


•74 


74 


74 


73 


73 


73 


73 


73 


73 


73 


73 


73 


37 


•78 


•78 


•77 


•77 


•77 


77 


•76 


•76 


•76 


•76 


•76 


76 


75 


75 


75 


75 


38 


•81 


•81 


•80 


•80 


•80 


79 


79 


79 


79 


79 


78 


78 


78 


78 


78 


78 


39 


•84 


•83 


•83 


•83 


•82 


•82 


•82 


•82 


•82 


•8i 


•81 


•81 


•81 


•81 


•81 


•81 


40 


•87 


•86 


•86 


•86 


•85 


•85 


•85 


•85 


•85 


•84 


•84 


•84 


•84 


•84 


•84 


•84 


41 


.90 


•90 


•89 


•89 


•89 


•88 


•88 


•88 


•88 


•87 


•87 


•87 


•87 


•87 


•87 


•87 


42 


•93 


•93 


•92 


•92 


•92 


•91 


•91 


•91 


•91 


•91 


•90 


■90 


•90 


•90 


•90 


•90 


43 


•97 


•9^ 


•96 


•95 


•95 


•95 


•94 


•94 


•94 


•94 


•94 


•93 


•93 


•93 


•93 


•93 


44 


I'OO 


I'OO 


.99 


•99 


•98 


•98 


•98 


•98 


•97 


•97 


•97 


•97 


•97 


•97 


•97 


97 


45 


I 04 


I -03 


I 03 


I 02 


102 


I -02 


I 01 


I 01 


I 01 


1*01 


I 00 


i-oo 


I 00 


i-oo 


I^OO 


I'OO 


46 


I 07 


I 07 


106 


106 


1*05 


105 


105 


105 


104 


104 


104 


I -04 


I "04 


I 04 


104 


104 


47 


III 


i-ii 


i-io 


IIO 


109 


109 


109 


I 08 


I 08 


I 08 


I 08 


107 


107 


1-07 


1-07 


107 


48 


I-I5 


114 


I-I4 


I-I4 


I-I3 


113 


I^I2 


112 


112 


I-I2 


III 


i-ii 


i^ii 


III 


i-ii 


III 


49 


119 


I-I9 


i-i8 


118 


I-I7 


1-17 


ri6 


116 


116 


i-i6 


115 


I-I5 


115 


115 


I-I5 


115 


50 


123 


123 


1-22 


1-22 


1*21 


I-2I 


I-2I 


I 20 


I-20 


I 20 


I 20 


I-I9 


119 


ri9 


I-I9 


119 


51 


128 


127 


127 


1-26 


I 26 


1-25 


125 


1-25 


124 


1-24 


1-24 


1-24 


1^24 


1-24 


I 24 


1*23 


52 


I '33 


132 


1-31 


1-31 


1-30 


I 30 


1-30 


1-29 


I 29 


I 29 


1-28 


I 28 


1^28 


1-28 


1-28 


128 


53 


137 


I 37 


136 


136 


i'35 


1-35 


1-34 


I 34 


1-34 


I 33 


i'33 


1-33 


1*33 


1-33 


i'33 


1-33 


54 


I 42 


1-42 


1-41 


1-41 


140 


I 40 


139 


I 39 


I 39 


138 


1-38 


138 


1-38 


1^38 


1-38 


138 


55 


1-48 


1-47 


1-47 


1-46 


1-45 


1*45 


1-45 


1-44 


1-44 


I '44 


1*43 


143 


''43 


1*43 


1-43 


1*43^ 


56 


1*53 


1-53 


152 


152 


1-51 


1-51 


I •SO 


1-50 


1*49 


I 49 


I 49 


1-49 


1^48 


1-48 


1-48 


1-48 


57 


1-59 


I 59 


1-58 


1-57 


I 57 


1-56 


1-56 


1-55 


1-55 


i'55 


1-55 


i'54 


1*54 


1*54 


I '54 


1-54 


58 


1-66 


165 


1-64 


164 


163 


163 


162 


162 


i-6i 


i-6i 


i-6i 


I 60 


160 


i-6o 


I 60 


I -60 


59 


1-72 


172 


171 


1-70 


170 


Z.69 


1-69 


1-68 


I 68 


1-67 


167 


167 


167 


167 


1-66 


166 


60 


1-79 


179 


178 


1-77 


1-76 


176 


175 


175 


175 


174 


174 


174 


173 


173 


173 


173 


61 


1-87 


1-86 


185 


184 


1-84 


183 


1-83 


1^82 


1-82 


r8i 


r8i 


i-8i 


r8i 


i-8i 


I 80 


I -80 


62 


1-95 


1-94 


1-93 


192 


I 92 


1-91 


I 90 


1^90 


1-89 


1-89 


1-89 


189 


1-88 


1-88 


1-88 


1-88 


63 


2 03 


202 


201 


201 


2.00 


1-99 


1-99 


1-98 


198 


1-97 


1-97 


I 97 


197 


196 


196 


196 


64 


2-12 


211 


2*10 


210 


209 


208 


208 


207 


207 


206 


206 


206 


2*05 


205 


2*05 


2-05 


65 


2'22 


2*21 


2*20 


219 


218 


2-i8 


2-17 


217 


216 


216 


215 


2-15 


2^15 


2-15 


214 


214 


66 


2-33 


2-31 


2-31 


230 


229 


2-28 


2- 27 


2-27 


226 


226 


225 


2-25 


225 


225 


225 


225 


67 


244 


2-43 


242 


2^41 


240 


239 


239 


238 


2-37 


2-37 


236 


236 


236 


236 


236 


236 


68 


256 


2-55 


2-54 


253 


2^52 


251 


2-51 


2-50 


2-49 


2-49 


2-48 


248 


248 


2-48 


2^48 


2-48 


69 


270 


2-68 


267 


266 


265 


2*65 


264 


263 


262 


262 


c-62 


261 


2-61 


2-6i 


2'6l 


2-6i 


70 


284 


283 


282 


2^8l 


280 


279 


2-78 


277 


277 


2 76 


276 


275 


2-75 


275 


275 


275 


71 


301 


2-99 


298 


297 


296 


295 


2-94 


293 


293 


292 


292 


291 


2*91 


2-91 


2 90 


2-90 


72 


319 


3-17 


316 


3-15 


314 


313 


3-12 


3H 


310 


309 


309 


309 


3-o8 


308 


3-o8 


3-o8 


73 


339 


3-37 


3-36 


3-34 


333 


332 


331 


330 


330 


329 


328 


3-28 


3-28 


327 


327 


327 


74 


3-61 


3*59 


3-58 


3*57 


355 


354 


353 


352 


3-51 


351 


3-50 


350 


3*49 


349 


349 


3*49 


75 


3-86 


385 


383 


382 


380 


379 


378 377 


376 


375 


375 


374 


374 


373 


373 


373 


76 


415 


4-13 


4-12 


4-IO 


4-09 


4-07 


406! 405 


404 


403 


403 


402 


402 


401 


401 


4-01 


77 


4-48 


4*46 


4-45 


4'43 


441 


4-40 


439 4-37| 


436 


436 


435 


434 


4*34 


4*33 


433 


4*33 


78 


4-87 


485 


483 


4-8i 


479 


478 


476 


475 


474 


473 


472 


472 


471 


471 


471 


4-70 


79 


533 


5-30 


528 


5-26 


524 


522 


521 


520 


5-i8 


5-17 


516 


5-i6 


515 


515 


515 


514 


80 


587 


584 


582 


580 


578 


576 


574 


573 


571 


570 


569 


5-69 


5-68 


5-67 


567 


567 


81 


6-54 


651 


648 


6-45 


6-43 


641 


639 


638 


636 


6-35 


6-34 


6-33 


6-32 


632 


6-31 


6-31 


82 


7-37 


733 


730 


7-27 


7-25 


7*23 


720 719 


7-17 


7-15 


714 


713 


713 


7-12 


712 


7-12 


83 


8-43 


8-39 


836 


8-33 


830 


827 


825 8-22 


8-21 


819 


818 


816 


816 


815 


8-15 


8-14 


&4 


985 


9'8i 


976 


973 


969 


966 


963, 9'6i 


9*59 


9*57 


955 


954 


953 


952 


952 


951 


85 


11-83 


1 1 78 


II 73 


1169 


1 1 64 


II-6I 


II-57II-54 


11-52 


1 1 49 


11-47 


11-46 


11-45 


11-44 


1 1 43 


"•43 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 


m. 




00 


56 


52 


48 


44 


40 


36 


32 


28 


24 


20 


16 


12 


8 


4 


00 


7Hr8. 




6 HOURS. 
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Table 0. 

AZIMUTHS CORRESPONDING TO THE A AND B CORRECTION. 
Azimuth is named N or S according to the name of the A and B correction. 



AandB 
Cor- 


LATITUDES. | 
































rection. 


WP 


B» 


lO" 


IS" 


UP 


VBP 


80" 


u» 


a4« 


VP 


21P 


270 


9tP 


np 


UP 




AZIXCTHB. 


1 


t 
























90*0 90*0 


• 





• 








• 


•ooo 


90*0 
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Table 0. 

AZIMUTHS CORRESPONDING TO THE A AND B CORRECTION. 
Azimuth is named N or S according to the name of the A and B -correction. 
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Table C. 

AZIMUTHS CORRESPONDING TO THE A AND B CORRECTION. 
Azimutli is named N or S according to the name of the A and B correction. 
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43*9 


1*22 


39*3 


394 


39-8 


401 


40-5 


408 


4I-I 


415 


41 "9 


421 


42-4 


426 


429 


431 


434 


124 


389 


39-0 


39*3 


396 


40*0 


40-3 


406 


410 


41-4 


417 


419 


421 


42-4 


427 


430 


1-26 


38-4 


38-5 


38-9 


392 


395 


39-8 


402 


40*6 


410 


41-2 


41-4 


417 


420 


42-2 


425 


128 


38-0 


38-1 


38-4 


387 


391 


394 


397 


401 


405 


408 


410 


41-2 


415 


41-8 


421 


1-30 


376 


377 


380 


383 


387 


390 


393 


397 


40-I 


403 


406 


408 


4I-I 


41-3 


4r6 


1-32 


37'i 


37'3 


376 


37*9 


3^*2 


38-5 


389 


393 


397 


39*9 


401 


404 


40*6 


409 


41-2 


''^2 


367 


368 


37*2 


374 


37-8 


381 


38-5 


38-8 


392 


395 


397 


399 


402 


405 


40-8 


1-36 


36-3 


36-4 


367 


370 


374 


377 


380 


384 


388 


391 


393 


395 


39-8 


40-1 


•40-3 


1-38 


35*9 


36*0 


363 


366 


37-0 


37*3 


37-6 


380 


384 


386 


389 


391 


394 


39-6 


39*9 


140 


35*5 


35-6 


360 


362 


366 


369 


37-2 


376 


380 


382 


385 


387 


390 


392 


395 


1-42 


35*2 


35-3 


35-6 


359 


362 


365 


368 


37*2 


37*6 


37-8 


381 


383 


386 


38-8 


39-1 


1.44 


34*8 


34*9 


35*2 


35*5 


35-8 


361 


36-5 


368 


37*2 


375 


377 


379 


382 


38-4 


387 


1-46 


34*4 


345 


34-8 


351 


35*5 


35-8 


361 


365 


369 


37-1 


37*3 


37*6 


37-8 


38-1 


383 


148 


34-0 


34'i 


34*5 


347 


351 


35*4 


357 


361 


365 


367 


369 


37*2 


374 


377 


380 


X-50 


337 


33-8 


34-1 


34*4 


347 


350 


35*4 


357 


361 


363 


366 


36-8 


371 


37*3 


37-6 


152 


333 


33*4 


337 


340 


34*4 


347 


35-0 


35*4 


35-8 


360 


362 


364 


367 


369 


37*2 


1*54 


330 


33-J 


334 


337 


340 


34*3 


34-6 


350 


35*4 


35-6 


35-8 


36-1 


363 


366 


36-9 


1-56 


327 


328 


33*1 


333 


337 


340 


34*3 


347 


351 


35*3 


35*5 


357 


360 


362 


365 


1-58 


323 


324 


327 


330 


33*4 


33-6 


340 


343 


347 


34*9 


351 


354 


35-6 


35*9 


362 


I 60 


320 


321 


324 


327 


330 


33*3 


33-6 


340 


34*4 


34-6 


34-8 


350 


35-3 


355 


35-8 


1*62 


317 


31-8 


32-1 


32*4 


327 


330 


33*3 


337 


340 


34-3 


345 


347 


350 


35*2 


355 


164 


31-4 


31-5 


31-8 


320 


32-4 


327 


330 


333 


337 


339 


34-2 


34*4 


34-6 


349 


351 


1*66 
1-68 


31-1 


312 


31*5 


317 


321 


324 


327 


330 


334 


33-6 


33-8 


341 


34*3 


34-6 


34-8 


30*8 


309 


3I-I 


31*4 


31-8 


32*0 


32-4 


327 


33*1 


33*3 


335 


337 


340 


342 


34*5 


170 


30-5 


306 


309 


3X1 


31-5 


317 


320 


32*4 


32-8 


330 


33*2 


334 


337 


33*9 


34*2 


172 


30-2 


30*3 


.30*6 


308 


312 


31-4 


317 


321 


32*5 


327 


32-9 


33*1 


33*4 


33-6 


33*9 


I'Zi 


29*9 


300 


30-3 


30-5 


309 


3I-I 


314 


31-8 


322 


32-4 


326 


32-8 


331 


33*3 


33-6 


170 


29*6 


297 


30-0 


302 


306 


309 


31-2 


31*5 


31*9 


32-1 


32*3 


32-5 


328 


33-0 


33*3 


178 


293 


29-4 


297 


30-0 


303 


306 


309 


31*2 


316 


31-8 


320 


322 


325 


327 


330 


i-8o 
r82 
1.84 


291 


29-1 


29-4 


297 


300 


30-3 


30'6 


309 


31*3 


31*5 


317 


31*9 


322 


32-4 


327 


28*8 


28-9 


29-2 


29-4 


29-8 


300 


30-3 


307 


31*0 


312 


31-4 


317 


31*9 


32-1 


32-4 


28-5 


28-6 


28-9 


29-2 


295 


297 


300 


304 


307 


309 


31-2 


31*4 


31-6 


31*9 


321 


1*86 
1-88 


28-3 


28-4 


28-6 


289 


292 


29-5 


29-8 


30-I 


305 


307 


309 


3I-I 


31*3 


31-6 


31-8 


28-0 


28-1 


28-4 


286 


290 


292 


295 


29-8 


302 


304 


306 


30-8 


3I-I 


31*3 


31-6 


1-90 


278 


27-8 


28-1 


28-4 


287 


290 


293 


29-6 


29*9 


30-I 


30*4 


30-6 


30*8 


31*0 


31-3 


1-92 


27-5 


27-6 


27-9 


28-1 


28-4 


287 


290 


29-3 


297 


29.9 


30-1 


30*3 


30-5 


30-8 


310 


1-94 


27-3 


27-4 


27*6 


27*9 


28-2 


28-5 


287 


29*1 


29-4 


296 


29-8 


30-1 


30-3 


30*5 


308 


196 


27*0 


271 


27*4 


276 


280 


282 


28-5 


28-8 


292 


294 


296 


29-8 


30-0 


303 


305 


198 


26-8 


269 


27-2 


27-4 


277 


28-0 


283 


286 


29*0 


291 


293 


29*5 


298 


30*0 


302 
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Table 0. 

AZIMUTHS CORRESPONDING TO THE A AND B CORRECTION. 

Azimuth is named N or S according to the name of the A and B correction. 





AaodB 
Cor- 


LATITUDES. | 




































rection. 


00^ 


r» 


10* 


ISP 


ir 


ir 


90" 


98" 


%e 


ir> 


» 


ar 


«• 


99> 


UP 


































/ 

















































2-0O 


266 


267 


269 


272 


27-5 


27*7 


28*0 


283 


287 


28*9 


29*1 


29*3 


295 


298 


300 




205 


26*0 


261 


264 


26-6 


26-9 


27*2 


27-4 


277 


28*1 


28-3 


28-5 


28-7 


289 


29*1 


294 




210 


255 


255 


25-8 


260 


26-4 


266 


26-9 


272 


27*5 


277 


27*9 


28*1 


283 


286 


288 




215 


249 


250 


253 


255 


25-8 


26*1 


26*3 


266 


27*0 


27*2 


^I'i 


27*6 


27-8 


280 


282 




2-20 


244 


24-5 


24-8 


250 


25-3 


255 


258 


26-1 


26*5 


26*6 


26*8 


270 


272 


27*5 


277 




2-25 


24*0 


24*0 


243 


24-5 


24-8 


250 


253 


256 


259 


261 


26-3 


26-5 


267 


269 


272 




2-30 


235 


236 


23-8 


240 


243 


24-6 


24-8 


251 


255 


25-6 


258 


260 


26*2 


26*4 


267 




240 


22-6 


227 


22-9 


232 


23-4 


237 


23*9 


24*2 


245 


247 


249 


251 


253 


255 


25*7 




250 


21-8 


21*9 


22-1 


22-3 


22*6 


22-8 


23*1 


233 


23-6 


23-8 


240 


242 


24*4 


24-6 


24-8 




260 


21*0 


21*1 


21*3 


21-5 


21-8 


220 


22*3 


22*5 


22-8 


23-0 


23*2 


233 


235 


237 


239 




270 


203 


204 


20-6 


208 


21*1 


21*3 


21-5 


21-8 


22-1 


22*2 


22-4 


22*6 


22-8 


230 


23-2 




280 


197 


197 


19-9 


20*1 


20*4 


20*6 


20-8 


21*1 


21*4 


21*5 


217 


21*8 


22'0 


22*2 


22*4 




290 


19*0 


I9'i 


19-3 


19-5 


197 


19*9 


202 


20-4 


207 


20*8 


210 


21-2 


21-3 


21*5 


217 




300 


i8-4 


i8-5 


187 


189 


19*1 


19*3 


19*5 


198 


20-0 


20*2 


203 


20-5 


20-7 


209 


21*1 




3-10 


17-9 


179 


181 


183 


i8*6 


187 


189 


19*2 


19*4 


19*6 


19-7 


19*9 


20'I 


20'2 


204 




320 


17-4 


17-4 


17-6 


178 


i8*o 


l8*2 


i8-4 


18*6 


18-9 


19-0 


192 


19-3 


19-5 


19*7 


19*8 




330 


i6g 


169 


17-1 


i7'3 


17*5 


177 


179 


i8*i 


i8-4 


i8-5 


i8-6 


i8-8 


18-9 


19*1 


193 




340 


i6-4 


i6-4 


166 


168 


17*0 


17-2 


17*4 


17*6 


17-8 


180 


18-1 


i8-3 


i8'4 


i8-6 


i8-8 




360 


15*5 


15-6 


15-8 


15-9 


i6*i 


i6-3 


i6*5 


i6-7 


16*9 


17*0 


17*2 


17*3 


17*5 


17-6 


17-8 




380 


14-7 


14-8 


15-0 


15*1 


15-3 


15*5 


156 


15*8 


16-1 


16*2 


i6-3 


i6-5 


i6*6 


i6*7 


16*9 




400 


I4-C 


14-1 


14-2 


14-4 


14-6 


147 


14*9 


I5-I 


15*3 


15-4 


155 


157 


15-8 


160 


16*1 




420 


13-4 


13-4 


136 


137 


13-9 


i4'i 


14*2 


14*4 


146 


147 


14-8 


150 


151 


15*2 


15-4 




4-40 


12-8 


12-9 


130 


13*1 


133 


13*4 


136 


13-8 


14-0 


I4'i 


14-2 


14-3 


14-4 


146 


147 




460 


12*1 


12-3 


12-4 


12-6 


127 


12*9 


130 


13-2 


13*4 


13*5 


136 


137 


13-8 


14*0 


I4'i 




480 


irl 


11-8 


II-9 


12-1 


12*2 


12*4 


12*5 


127 


12-8 


I2'9 


I3-I 


13*2 


13*3 


13*4 


135 




500 


"•3 


11-4 


11-5 


II-6 


11*8 


11*9 


I2'0 


12*2 


12*3 


12*4 


12-5 


127 


12-8 


12*9 


130 




5-50 


10-3 


IO-3 


10^5 


10-6 


10-7 


10*8 


IIO 


II'I 


11*3 


II-3 


11-4 


11-5 


ii'6 


117 


11*9 




600 


9*5 


9"5 


9-6 


97 


9*8 


9*9 


10*1 


I0'2 


10*3 


10*4 


105 


106 


10*7 


10-8 


10*9 




650 


87 


8-8 


8-9 


90 


9*1 


9*2 


9*3 


9-4 


9-6 


9*6 


97 


9*8 


9*9 


lo-o 


lOI 




700 


8-1 


8-2 


8-3 


8-3 


8-5 


8-5 


8-6 


8*8 


8*9 


9*0 


90 


91 


9*2 


9*3 


9*4 




80 


7-1 


7-2 


7*2 


7*3 


74 


7-5 


7*6 


77 


7*8 


7*9 


79 


8-0 


8-1 


81 


8-2 




90 


6-3 


6-4 


6-4 


6-5 


6-6 


6*7 


6*7 


6*8 


6-9 


7*0 


70 


71 


7*2 


7*2 


7*3 




lO'O 


5*7 


57 


5-8 


5*9 


5*9 


60 


6*1 


6-2 


6-2 


6-3 


6-3 


6'4 


6-5 


6-5 


6-6 




ii-o 


5-2 


^'l 


53 


5*3 


5*4 


5*5 


5*5 


5*6 


57 


57 


5-8 


5-8 


5*9 


59 


6*0 


T 


I2*0 


4-8 


4-8 


4-8 


4*9 


50 


50 


51 


5*1 


5-2 


53 


5-3 


53 


5*4 


5'5 


5*5 


J 


130 


^'i 


^'t 


4*5 


4*5 


4*6 


4-6 


47 


47 


4*8 


49 


4*9 


49 


50 


50 


51 


n 


150 


3-8 


3-8 


3*9 


3*9 


40 


40 


4'i 


4*1 


4*2 


4*2 


4*2 


4*3 


4*3 


4*4 


4*4 


m 


17*0 


3*4 


3*4 


3*4 


3*5 


35 


3*5 


3-6 


3-6 


37 


37 


37 


3-8 


3-8 


3-8 


39 




200 


2*9 


29 


29 


2-9 


30 


30 


30 


31 


31 


32 


3*2 


32 


32 


3*3 


3*3 




250 


2*3 


2-3 


2-3 


2-4 


2*4 


2-4 


24 


2-5 


2-5 


2*5 


2*5 


2-6 


2*6 


2*6 


2*6 




300 


1-9 


1-9 


1-9 


2-0 


20 


20 


20 


2*1 


2*1 


2-1 


21 


21 


2*2 


2'2 


2*2 




40-0 


1-4 


1*4 


i'5 


i'5 


1-5 


1-5 


1*5 


1*5 


1-6 


1-6 


1-6 


1-6 


1-6 


1*6 


17 




500 


I'l 


1-2 


1*2 


1*2 


Z'2 


1-2 


1*2 


1*2 


1*3 


1*3 


1-3 


1*3 


1-3 


1*3 


1*3 




70-0 


08 


08 


08 


0-8 


0*9 


09 


09 


09 


09 


09 


09 


09 


09 


o*9 


o*9 




1000 


0-6 


06 


06 


0-6 


0*6 


06 


o*6 


06 


06 


0-6 


0*6 


0-6 


o*6 


0-7 


07 




1500 


04 


04 


0-4 


0-4 


0-4 


0*4 


04 


04 


0-4 


04 


04 


o'4 


0*4 


04 


04 




2000 


03 


03 


03 


0-3 


03 


03 


03 


03 


03 


03 


o*3 


03 


0*3 


03 


03 




3000 


0*2 


0'2 


0*2 


0'2 


0'2 


0'2 


0'2 


0-2 


0-2 


0-2 


0-2 


0-2 


0'2 


0-2 


0*2 




400-0 


o-i 


O'l 


O'l 


O'l 


o*i 


0-2 


0*2 


0-2 


0-2 


0-2 


0-2 


0-2 


0'2 


0-2 


0*2 




8000 


O'l 


O-I 


O'l 


O'l 


0*1 


O'l 


o*i 


O-I 


0*1 


0*1 


O-I 


O-I 


O-I 


O-I 


O-I 
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Table C. 

AZIMUTHS CORRESPONDING TO THE A AND B CORRECTION. 

Azimuth is named N or S according to the name of the A and B correction. 



AandB 


LATITUDE^. 1 


Cor- 
rection. 


ai* 


8a> 


VP 


84° 


8S» 


9F 


VP 


ar 


ar 


iO* 


410 ' ISO 

1 


48" 


W 


48° 






AZDCOTHI. 




1 


1 


























e 





1 • 











•ooo 


goo 


900 


900 


90*0 


900 


90*0 


90-0 


900 


900 


90*0 


900 


90-0 


900 


900 


900 


•oio 


89-5 


895 


895 


895 


895 


89-5 


895 


89-5 


896 


896 


896 


896 


896 


896 


89-6 


•020 


890 


890 


890 


891 


891 


89-1 


891 


891 


891 


89-1 


89*1 


89-1 


892 


89-2 


892 


•030 


88-5 


88*5 


88-6 


88-6 


88-6 


88-6 


88-6 


88-6 


887 


887 


887 


887 


887 


88-8 


88-8 


•040 


880 


88-1 


881 


881 


881 


88-1 


88-2 


88-2 


88-2 


88-2 


88-3 


88-3 


88-3 


88-4 


88-4 


•050 


87-5 


87-6 


876 


87-6 


877 


877 


877 


877 


87-8 


878 


878 


879 


879 


879 


880 


•060 


87-1 


87-1 


87-1 


87-2 


872 


87-2 


87-3 


873 
86-8 


873 


87-4 


87-4 


874 


87-5 


87-5 


876 


•070 


86-6 


86-6 


86-6 


867 


867 


86-8 


86-8 


869 


86-9 


870 


87-0 


87-1 


871 


87-2 


•080 


861 


861 


86-2 


86-2 


86-3 


86-3 


86-3 


86-4 


86-4 


86-5 


86-5 


86-6 


867 


867 


86-8 


•090 


856 


856 


857 


857 


858 


85-8 


859 


859 


860 


861 


861 


86-2 


86-2 


86-3 


86-4 


•100 


85-1 


852 


85-2 


853 


85-3 


85-4 


85-4 


855 


856 


856 


857 


857 


858 


859 


860 


•no 


846 


847 


847 


848 


849 


849 


850 


850 


851 


852 


85-3 


853 


85-4 


85-5 


85-6 


•120 


841 


84-2 


843 


84-3 


84-4 


845 


84-5 


84-6 


847 


847 


84-8 


849 


850 


851 


851 


•130 


83-6 


837 


838 


838 


839 


840 


84-1 


84-2 


84-2 


84-3 


84-4 


845 


846 


847 


847 


•140 


832 


832 


83-3 


834 


835 


83-5 


836 


837 


83-8 


83*9 


84*0 


841 


84-2 


842 


84-3 


•150 


827 


828 


828 


829 


83-0 


831 


832 


83-3 


83-4 


83-4 


83-5 


836 


837 


838 


839 


•160 


82-2 


823 


82-4 


824 


82-5 


826 


827 


828 


829 


830 


831 


832 


833 


834 


835 


•170 


817 


8i-8 


81-9 


820 


821 


822 


823 


824 


82-5 


826 


827 


828 


829 


830 


831 


•180 


812 


813 


8i-4 


81 -5 


8r6 


817 


8i-8 


81-9 


820 


82-1 


82-3 


82-4 


825 


826 


827 


•190 


807 


808 


8o'9 


81 -o 


8i-2 


81-3 


81-4 


815 


816 


817 


8r8 


820 


82-1 


822 


823 


•200 


803 


804 


805 


806 


807 


808 


8o'9 


810 


81 -2 


813 


81-4 


81-5 


817 


8r8 


82-0 


•210 


798 


79*9 


800 


801 


802 


804 


8o-5 


806 


807 


809 


81 


8i-i 


813 


81-4 


816 


•220 


79*3 


79*4 


79*5 


797 


79*8 


799 


8co 


802 


803 


804 


806 


807 


809 


81 


812 


•230 


788 


79-0 


791 


792 


79*3 


79*5 


796 


797 


79*9 


8o'o 


8o*2 


803 


805 


806 


808 


'240 


78-4 


78-5 


786 


787 


78-9 


790 


791 


79*3 


79-4 


79-6 


797 


79*9 


800 


802 


804 


•250 


77*9 


780 


78-2 


783 


784 


786 


787 


789 


790 


79*2 


793 


79*5 


796 


79-8 


800 


•260 


77-4 


77*6 


777 


77-8 


78-0 


78-1 


78-3 


78-4 


786 


787 


78-5 


79-1 


79*2 


79*4 


79-6 


•270 


770 


77-1 


772 


77*4 


77-5 


777 


77-8 


780 


781 


78-3 


78-5 


787 


78-8 


790 


7?o 


•280 


765 


766 


768 


769 


77-1 


77-2 


77-4 


77-6 


777 


779 


781 


782 


784 


786 


78-8 


•290 


760 


76*2 


763 


765 


766 


768 


770 


77*1 


773 


775 


777 


77-8 


780 


782 


784 


•300 


756 


757 


759 


76-0 


762 


76-4 


76-5 


767 


769 


771 


n'l 


77*4 


77-6 


77*8 


780 


•310 


75*1 


75-3 


75-4 


75-6 


75-8 


75-9 


76-1 


763 


765 


766 


76-8 


770 


n'l 


77*4 


77-6 


•320 


747 


74-8 


750 


75*1 


753 


75*5 


757 


75-8 


760 


76-2 


76-4 


766 


76-8 


'^11 


783 


•330 


74-2 


74*4 


74*5 


747 


74*9 


75*1 


75-2 


75*4 


75-6 


75-8 


76-0 


762 


76-4 


766 


769 


•340 


73*8 


739 


74-1 


743 


74*4 


74-6 


74-8 


75*0 


75*2 


75*4 


75-6 


75-8 


760 


763 


765 


•350 


73*3 


73*5 


73-6 


73-8 


74-0 


74*2 


74-4 


746 


74-8 


75-0 


75*2 


75*4 


75-6 


75*9 


761 


•360 


729 


73-0 


73-2 


734 


73-6 


73-8 


740 


74*2 


74*4 


74-6 


74*8 


75-0 


75*2 


755 


757 


•370 


724 


72-6 


728 


72*9 


73*1 


73*3 


73*5 


737 


74-0 


74*2 


74*4 


74-6 


74-9 


751 


753 


•380 


720 


721 


72*3 


72-5 


727 


729 


73-1 


73-3 


73*5 


73-8 


74-0 


74-2 


74*5 


747 


750 


•390 


71-5 


717 


719 


72-1 


72-3 


72-5 


727 


729 


73*1 


73*4 


73ti 


73-8 


74*1 


743 


74-6 


•400 


711 


71*3 


71*5 


717 


719 


72-1 


72-3 


725 


727 


730 


732 


73-4 


737 


739 


74-2 


•4J0 


70*6 


708 


710 


712 


71-4 


71-6 


719 


72-1 


72-3 


726 


72-8 


73-1 


733 


73-6 


73-8 


•420 


702 


70-4 


706 


708 


710 


71*2 


71-5 


717 


71-9 


722 


72-4 


727 


729 


73-2 


735 


•430 


698 


70*0 


70*2 


70-4 


706 


708 


71-0 


71-3 


71-5 


71-8 


720 


723 


72*5 


728 


73-1 


•440 


69-3 


69-5 


697 


700 


702 


704 


706 


709 


711 


71-4 


71-6 


719 


72-2 


72-4 


727 


•450 


68-9 


691 


693 


695 


698 


70-0 


70*2 


70-5 


707 


710 


71-2 


71-5 


71-8 


721 


723 


•460 


68-5 


687 


689 


69-1 


69-4 


696 


698 


70- 1 


703 


70-6 


709 


7I-I 


71-4 


717 


720 


•470 


681 


68-3 


68-5 


687 


689 


692 


69-4 


697 


699 


70-2 


70-5 


707 


71-0 


71-3 


71 -6 


•480 


676 


67-9 


68-1 


68-3 


68-5 


68-8 


69*0 


693 


695 


698 


70- 1 


704 


707 


71-0 


71-3 


•490 


672 


674 


677 


679 


681 


68-4 


68-6 


689 


692 


694 


697 


70*0 


703 


'70-6 


709 
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Table C. 

AZIMUTHS CORRESPONDING TO THE A AND B CORRECTION. 
Azimuth is named N or S according to the name of the A and B correction. 



AandB 
Cor- 


LATITUDES. | 
















1 


1 










rection. 


8P 


9SP 


9af 


M» 


86° 


86« 


87° , 88P 

1 


80° 


40° 


U 


42° 


48° 


44° 


45° 




Azimuths. | 


1 











Q 








0- 


























•500 


66-8 


670 


672 


67-5 


677 


680 


68-2 


68-5 


68-8 


690 


693 


696 


699 


702 


705 


•510 


66-4 


66-6 


66-8 


67-1 


67-3 


676 


678 


68-1 


68-4 


687 


68-9 


692 


69-5 


699 


702 


•520 


660 


66-2 


66-4 


667 


669 


67-2 


67-4 


677 


680 


68-3 


68-6 


689 


692 


695 


698 


•530 


656 


65-8 


660 


66-3 


66-5 


66-8 


67-1 


67-3 


676 


679 


68-2 


68-5 


68-8 


691 


695 


•540 


652 


65-4 


656 


65-9 


661 


66-4 


667 


669 


672 


675 


678 


681 


68-4 


68-8 


691 


•550 


648 


650 


652 


65-5 


657 


660 


66-3 


66-6 


669 


672 


675 


678 


681 


68-4 


687 


•560 


64-4 


646 


648 


65-1 


65-4 


656 


65-9 


66-2 


66-5 


66-8 


67-1 


67-4 


677 


68-1 


68-4 


•570 


64-0 


64*2 


64-5 


647 


650 


652 


655 


658 


661 


66-4 


667 


67-0 


67-4 


677 


680 


•580 


636 


638 


641 


64-3 


646 


64-9 


651 


654 


657 


660 


66-4 


667 


67-0 


674 


677 


■590 


632 


63-4 


637 


639 


64-2 


64-5 


648 


651 


65-4 


657 


660 


66-3 


667 


67 


67-4 


•600 


628 


630 


633 


636 


638 


641 


644 


647 


650 


653 


656 


660 


66j 
66-6 


667 


670 


•610 


62-4 


626 


629 


63-2 


63-4 


637 


64*0 


643 


646 


650 


653 


656 


66-3 


667 


•620 


62-0 


62-3 


625 


62-8 


631 


63-4 


637 


64-0 


643 


646 


649 


65-3 


656 


660 


66-3 


•630 


616 


6i*9 


621 


624 


627 


630 


63-3 


636 


63-9 


64*2 


646 


649 


653 


656 


660 


•640 


6i-3 


615 


6r8 


62-1 


62-3 


626 


629 


632 


636 


639 


642 


646 


649 


653 


657 


•650 


6o'9 


611 


61-4 


617 


620 


62-3 


626 


62*9 


632 


635 


639 


64*2 


64-6 


649 


653 


•660 


6o-5 


608 


610 


61-3 


6r6 


61-9 


62-2 


625 


62-8 


632 


63-5 


639 


642 


646 


65*0 


•670 


6o-i 


604 


607 


6o*9 


61-2 


61-5 


6r8 


62-2 


625 


628 


632 


635 


63*9 


64-3 


647 


•680 


59-8 


6o*o 


60-3 


606 


60-9 


612 


6i-5 


6r8 


62-1 


625 


628 


632 


636 


639 


643 


■690 


59-4 


597 


59*9 


602 


60-5 


6o-8 


6i-i 


6i-5 


61 -8 


62-1 


63-5 


629 


632 


63-6 


640 


•700 


590 


59*3 


596 


59*9 


602 


6o-5 


608 


611 


6i-5 


618 


622 


625 


62-9 


633 


637 


•710 


587 


589 


59*2 


59*5 


59-8 


6oi 


6o-4 


608 


6i-i 


6i-5 


61 -8 


62-2 


626 


629 


633 


■720 


583 


586 


589 


59-2 


59-5 


59*8 


6o-i 


60-4 


608 


6i-i 


615 


61 '9 


62*2 


626 


63*0 


•730 


580 


58-2 


58-5 


588 


59*1 


59*4 


59-8 


601 


6o-4 


608 


6i-i 


615 


61 '9 


623 


627 


•740 


57-6 


57*9 


582 


58-5 


58-8 


59-1 


594 


59-8 


601 


605 


608 


612 


616 


620 


624 


750 


57*3 


57*5 


57-8 


58-1 


58-4 


58-8 


591 


594 


598 


601 


605 


60-9 


61-3 


617 


621 


•760 


569 


572 


57-5 


57-8 


58-1 


58-4 


587 


591 


594 


59-8 


6o-2 


605 


609 


613 


617 


•770 


566 


569 


57-1 


57-4 


57-8 


581 


58-4 


588 


591 


59-5 


59-8 


602 


606 


61 


61-4 


•780 


562 


56-5 


568 


57-1 


57*4 


577 


58-1 


58-4 


58-8 


591 


595 


599 


603 


607 


611 


•790 


55*9 


56-2 


565 


56-8 


57*1 


57*4 


57-8 


58-1 


585 


58-8 


592 


596 


600 


60-4 


608 


•800 


55-6 


55-8 


56-1 


56-4 


56-8 


57-1 


57*4 


57-8 


58-1 


58-5 


58-9 


59-3 


597 


6o-i 


605 


•810 


55-2 


55-5 


55-8 


56-1 


56-4 


56-8 


57-1 


57*4 


57-8 


58-2 


586 


590 


59*4 


59*8 


60-2 


•820 


54-9 


55*2 


55*5 


55-8 


56-1 


56-4 


56-8 


57-1 


57*5 


57*9 


58-2 


58-6 


590 


59-5 


59*9 


•830 


54-6 


54*9 


55-2 


55-5 


55-8 


56-1 


56-5 


56-8 


57*2 


57-6 


57*9 


58-3 


587 


59-2 


59-6 


•840 


54-2 


54-5 


54-8 


55*1 


55*5 


55-8 


56-1 


56-5 


56-9 


57*2 


57-6 


580 


58-4 


58-9 


59*3 


•850 


53*9 


54-2 


54-5 


54-8 


55*2 


55-5 


55-8 


56-2 


566 


56-9 


573 


577 


58-1 


586 


590 


•860 


53-6 


53*9 


54*2 


54-5 


54-8 


55*2 


55*5 


559 


56-2 


56-6 


570 


57*4 


57-8 


^P 


587 


•870 


53-3 


53-6 


53*9 


54-2 


54*5 


54-9 


55*2 


55-6 


55-9 


56-3 


567 


57-1 


57-5 


58-0 


58-4 


•880 


530 


53*3 


53-6 


53-9 


54*2 


54-6 


54*9 


55-3 


55-6 


56*0 


564 


56-8 


57*2 


577 


58-1 


•890 


527 


530 


53-3 


53-6 


539 


54-2 


54-6 


550 


55*3 


557 


56-1 


56-5 


56-9 


57*4 


57-8 


•900 


52-4 


526 


53-0 


53-3 


53-6 


53*9 


54*3 


547 


55-0 


55*4 


55-8 


56-2 


566 


^I'l 


57'5 


•910 


52*0 


52-3 


52-6 


53-0 


53-3 


53-6 


540 


54-4 


547 


55'i 


55-5 


55*9 


56-4 


56-8 


57-2 


•920 


517 


520 


523 


527 


53-0 


53-3 


537 


54*1 


54*4 


54-8 


55-2 


55-6 


56-1 


56-5 


570 


•930 


51-4 


517 


52*0 


52-4 


527 


530 


53*4 


53-8 


54*1 


54*5 


54*9 


55*4 


55-8 


56-2 


567 


•940 


51-1 


5X-4 


517 


52-1 


52-4 


527 


531 


535 


53*9 


54*2 


54-6 


55-1 


55*5 


55*9 


564 


•950 


508 


51-1 


515 


51-8 


52-1 


52*5 


52-8 


53*2 


53-6 


540 


544 


54-8 


55*2 


557 


5^*J 


•960 


50-5 


509 


51-2 


51*5 


51-8 


52-2 


52-5 


529 


53*3 


537 


54'i 


54-5 


54*9 


55-4 


55-8 


•970 


50-3 


506 


50-9 


51-2 


51-5 


51-9 


52-2 


526 


53-0 


53*4 


53-8 


54-2 


54-6 


^^'l 


55-6 


•980 
•990 


500 


50-3 


506 


50-9 


51-2 


51-6 


52-0 


523 


527 


53*1 


535 


53-9 


54*4 


54-8 


55*3 


497 


500 


533 


506 


51-0 


51*3 


517 


520 


52-4 


52-8 


53*2 


537 


54*1 


54'5 


55-0 
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Table O. 

AZIMUTHS CORRESPONDING TO THE A AND B CORRECTION. 

Azimuth is named N or S accordiog to the name of the A and fi correction. 



AandB 

Ck>r. 
reotion. 


IiATITUDEB. 1 


«!• 


8S> 


W 


•4» 


80> 


1- 


tr 


ar> 


If 


nr iv* 


4f 


4sr 


O* 


- 




AXIMUTHB. 1 


f 



































1 • 


1 *» 





Z'OO 


421 


497 


50-0 


503 


507 


510 


^'i 


518 


521 


5a-5 


53o( 53*4 53-8 


543 547 1 


1 02 


488 


49*1 


49-5 


49*8 


50-I 


505 


508 


512 


516 


520 


524 528 53*3 


53-7I 54-2 1 


104 


48-3 


486 


489 


49-2 


496 


499 


503 


507 


5I-I 


51-5 


5i'9 523 


527 


53*2 


537 


106 


477 


•48*0 


48-4 


487 


490 


49*4 


49*8 


501 


505 


509 


51-3 51-8 


52-2 


527 


531 


X08 


47-2 


47-5 


47-8 


482 


48-5 


489 


492 


496 


50*0 


504 


50a 51-2 


517 


52*2 


52-6 


I'lO 


467 


470 


47*3 


476 


48-0 


483 


487 


491 


49*5 


49*9 


50'3| 507 


512 


51-6 


521 


I-I2 


46-2 


46-5 


468 


47*1 


47-5 


47-8 


48-2 


486 


490 


49*4 


49-8 


502 


507 


511 


51-6 


1-14 


457 


46*0 


463 


46-6 


470 


47*3 


477 


481 


48-5 


489 


^S'l 


497 


50-2 


506 


511 


116 


45-2 


455 


45-8 


461 


465 


46-8 


47*2 


47-6 


480 


484 


488 


49*2 


497 


502 


506 


118 


447 


450 


453 


45-6 


460 


463 


467 


47*1 


475 


47*9 


483 


488 


49*2 


497 


502 


1*20 


44*2 


44*5 


44-8 


451 


455 


45-8 


462 


46-6 


'47-0 


47-4 


47-8 


483 


487 


492 


497 


1-22 


437 


440 


44*3 


447 


450 


454 


457 


461 


465 


469 


47*4 


47*8 


483 


487 


49*2 


1-24 


43*3 


43-6 


439 


442 


44-6 


44*9 


45*3 


457 


461 


465 


469 


473 


47-8 


483 


48a 


1-26 


428 


43*1 


43*4 


43-8 


44-1 


44*5 


44-8 


452 


45-6 


46*0 


464 


469 


47*3 


47-8 


483 


1-28 


42-3 


427 


430 


433 


43-6 


440 


444 


44-8 


45*2 


45-6 


46*0 


464 


469 


47-4 


479 


1-30 


41-9 


422 


42-5 


429 


43-2 


43-6 


43*9 


44*3 


447 


451 


455 


460 


464 


469 


474 


1-32 


4i'5 


41-8 


421 


424 


42-8 


431 


43*5 


43*9 


^'1 


447 


451 


45-6 


46-0 


465 


470 


1*34 


410 


41-3 


417 


420 


423 


427 


431 


43*4 


43-8 


^'l 


447 


451 


45-6 


461 


465 


''3S 


40*6 


409 


41-2 


41^ 


419 


423 


426 


430 


43*4 


43-8 


44*3 


447 


45*2 


45-6 


461 


138 


40-2 


405 


408 


4i-a 


41-5 


41-9 


422 


42-6 


430 


43*4 


43-8 


44*3 


447 


45-2 


457 


1-40 


39-8 


401 


404 


407 


4I-I 


41*4 


41-8 


422 


426 


430 


43*4 


439 


443 


44-8 


453 


1-42 


39*4 


397 


40-0 


403 


407 


410 


41-4 


41-8 


422 


426 


43*0 


43*5 


43*9 


44*4 


449 


1-44 


39'0 


39*3 


39*6 


399 


40-3 


40-6 


41-0 


41-4 


418 


42*2 


42-6 


431 


43*5 


440 


445 


1-46 


38'6 


389 


39*2 


396 


399 


403 


406 


410 


41-4 


41-8 


42-2 


427 


431 


43-6 


441 


1-48 


382 


38-5 


389 


39*2 


39*5 


39*9 


402 


406 


410 


414 


418 


423 


427 


43-2 


437 


1-50 


379 


382 


32*5 


38-8 


391 


395 


39*9 


402 


406 


410 


41*5 


419 


424 


42-8 


433 


I'Sa 


37*5 


37-8 


381 


38-4 


38-8 


391 


39*5 


399 


40-2 


407 


411 


415 


420 


424 


429 


1*54 


37*' 


37*4 


377 


381 


38-4 


38-8 


391 


395 


399 


40-3 


407 


4'*i 


41-6 


421 


42-6 


1-56 


368 


371 


374 


377 


380 


38-4 


38-8 


391 


39*5 


39*9 


403 


408 


41-2 


417 


422 


1-58 


364 


367 


37*0 


37*4 


377 


380 


384 


388 


39*2 


39*6 


40-0 


40-4 


409 


413 


41-8 


r6o 


361 


364 


367 


37-0 


37'3 


377 


380 


384 


388 


39-2 


396 


401 


405 


410 


41*5 


162 


35-8 


361 


364 


367 


370 


37*3 


377 


38-1 


385 


389 


393 


397 


40*2 


406 


411 


1-64 


35*4 


357 


360 


363 


367 


370 


374 


377 


3«J 


3f5 


38-9 


39*4 


39-8 


40-3 


408 


1-66 


35*! 


354 


357 


360 


36-3 


367 


370 


374 


37-8 


38-2 


386 


390 


395 


39*9 


404 


1-68 


34-8 


351 


35*4 


357 


360 


36-3 


367 


371 


37*4 


37-8 


383 


387 


391 


39-6 


40-I 


170 


345 


347 


35-0 


35*4 


357 


36-0 


364 


367 


371 


37*5 


37*9 


38-4 


388 


39'3 


39-8 


172 


34'i 


344 


347 


350 


35*4 


357 


36-1 


364 


368 


37*2 


37-6 


380 


38-5 


38*9 


39*4 


174 


33-8 


34'i 


344 


347 


351 


354 


357 


36-1 


365 


369 


37*3 


377 


382 


386 


^fl 


176 


33*5 


33-8 


341 


34*4 


347 


35-1 


35-4 


35-8 


362 


366 


370 


37*4 


37-8 


383 


38-8 


178 


332 


33*5 


33-8 


34-1 


34*4 


34-8 


351 


35*5 


359 


36-3 


367 
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72*2 


725 


729 


73-2 


735 


73*9 


74-2 


74-6 


74*9 


75-3 


75-6 


76*0 


76-4 


768 : 


•480 


716 


71-9 


722 


72-5 


72*9 


73*2 


73-5 


73*9 


74-2 


746 


750 


75-3 


757 


761 


765 : 


•490 


712 


715 


71-8 


72-2 


725 


729 


73-2 


73-6 


739 


74*3 


747 


751 


75*4 


75-8 


76*2 
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Table C. 

AZIMUTHS CORRESPONDING TO THE A AND B CORRECTION. 

Azimuth is named N or S according to the name of the A and B correction. 



1 


AandB 

Cor- 
rection. 


LATITUDES. | 




UP 


47- 


«P 


iSP 


6CP 


51» 


51» 


68» 


M« 


M» 


9tP 


V 


HP 


sr 


W 






AZIMUTBB. 1 




1 


e 














































•500 


708 


71-2 


715 


7i« 


72*2 


725 


729 


73*3 


73-fi 


740 


74*4 


74-8 


75-2 


75-6 


760 




•510 


70-5 


70-8 


7i-a 


7i'i 


71-8 


72-2 


726 


729 


73*3 


737 


7^'i 


74'5 


74*9 


75*3 


757 




•520 


701 


70-5 


708 


71 a 


71-5 


7ig 


72-2 


72-6 


73c 


73*4 


73-8 


74-2 


74-6 


750 


754 




•530 


698 


r'l 


70-5 


708 


71-2 


71-6 


71-9 


723 


727 


73-1 


73*5 


739 


74*3 


747 


75*2 


( 


•540 


694 


69-8 


70- 1 


705 


709 


71-2 


71-6 


720 


72*4 


728 


73*2 


73*6 


74-0 


74*5 


74*9 


1 


•550 


69-1 


69-4 


698 


l^'l 


70*5 


709 


71-3 


717 


72-1 


72-5 


72*9 


733 


73-8 


74*2 


74-6 


J 


•560 


687 


69-1 


695 


698 


70*2 


706 


71 c 


71-4 


71-8 


72-2 


726 


730 


73*5 


73'9 


744 




•570 


68-4 


68-8 


691 


695 


699 


70-3 


707 


7''i 


71*5 


71-9 


723 


72-8 


73*2 


73-6 


741 




•580 


68-1 


68-4 


68-8 


692 


69-6 


69-9 


70*3 


70-8 


71-2 


716 


720 


725 


729 


73*4 


73-8 


! 


•590 


677 


68x 


68-5 


68-8 


692 


696 


700 


705 


709 


71-3 


717 


72-2 


726 


731 


736 




•600 


674 


677 


681 


68-5 


689 


693 


697 


70*1 


706 


71-0 


71*5 


71-9 


72-4 


728 


73-3 




*6io 


67-0 


67-4 


67-8 


68-2 


68-6 


69*0 


694 


698 


703 


707 


71*2 


71-6 


721 


72*6 


730 




•620 


667 


67-1 


67-5 


67-9 


68-3 


687 


69-1 


695 


70*0 


70-4 


709 


71*3 


71-8 


723 


728 


J 


•630 


66-4 


667 


67-1 


67-5 


680 


68-4 


68-8 


692 


697 


70-I 


706 


711 


71-5 


720 


725 


1 


•640 


66-0 


66-4 


66-8 


672 


676 


68-1 


68-5 


689 


694 


69-8 


703 


708 


71-3 


718 


723 


1 


•650 


657 


66-1 


66-5 


669 


67-3 


678 


68-2 


68-6 


691 


696 


700 


705 


71-0 


71*5 


720 


> 


•660 


654 


65-8 


66-2 


66-6 


670 


67-4 


67-9 


68-3 


68-8 


693 


697 


702 


707 


71-2 


717 




•670 


65-0 


65-4 


65-9 


66-3 


667 


671 


676 


680 


68-5 


69*0 


69;5 


70*0 


705 


71-0 


71-5 




•680 


647 


65-1 


655 


660 


66-4 


66-8 


67-3 


677 


68-2 


687 




697 


70*2 


707 


712 


1 


•690 


64-4 


64-8 


652 


656 


661 


66-5 


67*0 


67-4 


679 


68-4 


689 


694 


69-9 


70-4 


710 


1 


•700 


64-1 


64-5 


649 


653 


65-8 


66-2 


667 


672 


676 


68-1 


68-6 


691 


696 


702 


707 




710 


637 


64-2 


646 


65-0 


65-5 


659 


66-4 


66-9 


67-3 


67-8 


68-3 


68*9 


69;4 


69*9 


70*5 




•720 


63-4 


638 


643 


647 


652 


656 


661 


66-6 


67-1 


67-6 


681 


68-6 




697 


702 




•730 


631 


635 


64*0 


64-4 


649 


653 


658 


66-3 


66-8 


67-3 


67-8 


68-3 


68*9 


694 


699 




740 


628 


632 


637 


641 


646 


65*0 


655 


660 


66-5 


67-0 


675 


680 


68-6 


69-1 


697 




750 


62-5 


629 


63-4 


638 


64-3 


647 


652 


657 


66-2 


667 


67*2 


67-8 


68-3 


689 


69;4 




760 


622 


626 


630 


635 


64*0 


644 


649 


65-4 


659 


66-4 


67-0 


67-5 


68-1 


68-6 




770 


61-9 


62-3 


627 


632 


637 


64-1 


64-6 


651 


656 


66-2 


667 


672 


67-8 


68-4 


68-9 




780 


61-5 


62*0 


62-4 


62*9 


634 


639 


64-3 


64-9 


65-4 


65-9 


66-4 


67-0 


67-5 


681 


687 




790 


61 -2 


617 


621 


62-6 


631 


63-6 


641 


646 


65-1 


656 


66-2 


667 


67-3 


679 


68-4 




•800 


6o'9 


61-4 


6r8 


623 


62-8 


633 


63-8 


64-3 


64-8 


65-4 


65-9 


66-5 


67*0 


67-6 


68-2 




•810 


6o-6 


6ri 


6i-5 


62*0 


625 


63-0 


63-5 


64-0 


64-5 


65*1 


656 


66-2 


66-8 


67-4 


68-0 




•820 


6o-3 


6o-8 


6l-2 


617 


62*2 


627 


63-2 


637 


64-3 


64-8 


654 


659 


66-5 


67-1 


677 




•830 


6o-o 


6o-5 


61 -o 


61-4 


61-9 


62-4 


62-9 


63-5 


64*0 


64-5 


65-1 


657 


66-3 


66-9 


675 


i 


•840 


597 


6o-2 


607 


•6i-i 


6i-6 


62-1 


627 


63-2 


637 


64-3 


64-9 


65-4 


66-0 


66-6 


672 


i 


•850 


59-4 


59*9 


604 


60-9 


6i-3 


61 '9 


62-4 


62-9 


63-5 


64*0 


646 


65-2 


65-8 


66-4 


67*0 


} 


•860 


59-1 


59-6 


601 


6o-6 


6i-i 


6r6 


62-1 


626 


63-2 


637 


64-3 


64-9 


65-5 


66-1 


667 




•870 


58-9 


59*3 


59-8 


60.3 


6o-8 


6i-3 


6i-8 


62*4 


629 


63-5 


64-1 


64-6 


652 


65-9 


66-5 


\ 


•880 


58-6 


59-0 


59-5 


6o-o 


60-5 


61 'O 


616 


62-1 


62-6 


63-2 


638 


64-4 


65-0 


656 


66-3 


1 


•890 


58-3 


587 


59-2 


397 


6o-2 


607 


6i-3 


6i-8 


62-4 


63*0 


635 


64-1 


64-8 


65-4 


66-0 




•900 


58-0 


58-5 


58-9 


59*4 


6o*o 


6o-5 


61 -o 


61 -6 


62-1 


627 


63-3 


63-9 


64-5 


65-1 


65-8 




•910 


577 


58-2 


587 


59-2 


597 


6o*2 


607 


6i-3 


61 '9 


62-4 


63-0 


63-6 


64-3 


64-9 


655 


i 


*920 


57'4 


57-9 


584 


58-9 


59*4 


59*9 


6o-5 


61 '0 


61 '6 


62-2 


628 


63-4 


64-0 


64-6 


65-3 




•930 


57-1 


57-6 


58-1 


58-6 


59-1 


597 


602 


6o-8 


6i-3 


61-9 


625 


631 


638 


64-4 


65-1 


I 


•940 


56'9 


57*3 


57-8 


58-3 


58-9 


594 


59*9 


6o-5 


6i'i 


617 


62-3 


62*9 


63-5 


64-2 


648 




•950 


56-6 


57-1 


57-6 


58-1 


58-6 


59-1 


597 


6o-2 


6o-8 


61-4 


62*0 


626 


63-3 


63*9 


64*6 




•960 


56-3 


568 


57*3 


57-8 


58-3 


58-9 


59*4 


6o*o 


6o-6 


6l-2 


6r8 


62-4 


63-0 


637 


644 




.970 


560 


56-5 


57*0 


57*5 


58-1 


58-6 


59*2 


597 


60.3 


609 


6i-5 


622 


628 


63-5 


641 




•980 


55-8 


56-2 


567 


srs 


57-8 


58-3 


58-9 


595 


6o'i 


607 61-3 


61-9 


626 


63-2 


63-9 




•990 


55-5 56-0 


56-5 


57-0 


57*5 


58-1 


58-6 


59-2 59-8 


60-4 61 617 62-31 


63-0 


637 
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Table C. 

AZIMUTHS CORRESPONDING TO THE A AND B CORRECTION 
A2f mntfa is named N or S according to the name of the A and B oorrection. 



AaadB 

Cot- 
netioD. 


LATITUDB8. j 


«r «r,«.,^lir|<>. 


ar 1 sr 


sr 


-1- 


«• 


sr 


ar 


-l 




.™™. 1 


9 











• 


a 


e 








e 


3 


1 • 








I'OO 


55-2 


557 


.56-2 


567 


57*3 


57*8 


58%| 


590 


59^ 60a 


608 


6x-4 62'X 


627 


634 


2'02 


547 


55*2 


557 


562 


567 


57*3 


575 


58-5 


591 


597 


603 


6o*9 61 -6 62-3 


630 


104 


542 


547 


55'2 


557 


562 


568 


57*4 


580 


5« 6| 59-2 


59-8 


6o*5 61 -I 


6i-8 


62-5 


ro6 


53-6 


541 


547 


55*2 


557 


563 


56-g 


57-5 


581 


587 


593 


6o-o 607 


6i-4 


621 


X08 


531 


53-6 


541 


547 


55-2 


55-8 


564 


570 


57-6| 582 


589 


59*5 602 


60*9 


6i-6 


X'ZO 


52-6 


531 


53-6 


54*2 


547 


553 


55-9 


565 


5ri 


57-8 


58-4 


591 


59-8 


605 


6i-2 


1-12 


521 


526 


53*2 


537 


542 


54-8 


554 


560 


56-6| 57-3 


579 


58*6| 59*3 


6o'o 


608 


114 


5x6 


521 


527 


53*2 


53-8 


54*3 


549 


55*5 


562 


56-8 


57*5 


582 589 


596 


603 


x-i6 


5x1 


517 


522 


527 


53*3 


53*9 


54*5 


551 


557i 564 


570 


57-71 584 


5?*' 


59*9 


118 


507 


51-2 


517 


523 


52-8 


53-4 


540 


54-6 


55*3 55*9 


566 


57*3 


580 


587 


595 


X'20 


502 


50-y 


51-2 


5iJ^ 


52-4 


529 


53-5 


54*2 


54-8 


55*5 


56X 


568 


57*5 


583 


590 


I -22 


497 


50-2 


508 


51*3 


51*9 


525 


531 


537 


54*4 


550 


557 


564 


57-1 


57*9 


586 


X-24 


49-3 


49-8 


503 


509 


51-4 


520 


526 


533 


53*9 


54-6 


553 


56-0 


567 


574 


58-2 


X'26 


488 


493 


499 


504 


510 


5x6 


522 


528 


535 


541 


54*8 


55*5 


563 


570 


57-8 


X'28 


48-4 


489 


49*4 


500 


50-6 


511 


51-8 


524 


530 


537 


544 


55*1 


55*9 


566 


574 


X'30 


479 


484 


490 


49*5 


50X 


507 


513 


520 


526 


53*3 


540 


547 


554 


56-2 


570 


1-32 


47'5 


480 


^5'5 


^f* 


497 


503 


509 


51*5 


52-2 


529 


53-6 


543 


550 


55-8 


566 


'•34 


^I'l 


47-6 


481 


^V 


49*3 


499 


505 


511 


51-8 


525 


53-2 


53*9 


54-6 


55*4 


562 


''3$ 


466 


47*2 


477 


483 


488 


49*4 


50-I 


507 


51-4 


520 


527 


53*5 


^'l 


550 


55-8 


x-38 


462 


467 


47*3 


47-8 


48-4 


490 


496 


503 


510 


51-6 


523 


531 


53-8 


54-6 


55-4 


i'40 


45-8 


463 


469 


47*4 


48*0 


486 


49-2 


499 


505 


5^*2 


51-9 


527 


53*4 


54*2 


550 


X'42 


45*4 


459 


465 


470 


47-6 


482 


488 


49*5 


^'l 


508 


51*5 


52-3 


530 


53-8 


54*6 


X'44 


45-0 


455 


46X 


466 


47*2 


47-8 


48-4 


49X 


49-8 


504 


51-2 


51-9 


527 


53*4 


54-2 


X'46 


44-6 


45-1 


457 


462 


468 


47'4 


48-0 


487 


494 


5GX 


50S 


515 


52-3 


53-1 


539 


X'4S 


442 


447 


45*3 


45-8 


46-4 


470 


477 


48-3 


490 


497 


504 


511 


519 


527 


53*5 


X-50 


43-8 


44*3 


449 


45-5 


46-0 


467 


47*3 


47 9 


486 


493 


500 


508 


515 


523 


^^'l 


I'52 


434 


440 


445 


451 


457 


46-3 


469 


47*5 


482 


489 


496 


504 


511 


51-9 


52-8 


1-54 


431 


43-6 


^'l 


447 


453 


459 


465 


47*2 


47-8 


485 


493 


50*0 


508 


51-6 


524 


''^ 


427 


43-2 


43-8 


44*3 


449 


45-5 


46*2 


468 


475 


48-2 


489 


49-6 


50-4 


51-2 


520 


1-58 


423 


429 


434 


440 


44-6 


45*2 


45-8 


464 


47-1 


47-8 


485 


49*3 


50-1 


50-9 


517 


i-6o 


420 


42-5 


43'o 


43-6 


44-2 


44-8 


45-4 


461 


468 


475 


482 


489 


497 


50*5 


51-3 


1-62 


41-6 


421 


427 


43*3 


43-8 


44*4 


451 


457 


464 


47-1 


47-8 


48-6 


49-4 


502 


510 


X'64 


41-3 


4X-8 


423 


429 


43*5 


441 


447 


45*4 


461 


468 


47*5 


48-2 


490 


498 


50-6 


X'66 


409 


41-5 


420 


42-6 


431 


437 


44*4 


45-0 


457 


46-4 


471 


479 


487 


49*5 


503 


Z'68 


40*6 


4I-I 


417 


42*2 


42-8 


43*4 


440 


447 


45*4 


46-1 


46-8 


47*5 


48-3 


491 


500 


X70 


403 


40-8 


41-3 


41-9 


425 


43*1 


437 


44*3 


45-0 


457 


46-4 


47-2 


480 


48-8 


496 


172 


399 


40-4 


4x0 


41*5 


42-x 


427 


43*4 


440 


447 


45*4 


461 


469 


477 


^f5 


49*3 


174 


39*6 


^'l 


407 


41*2 


418 


42-4 


430 


437 


44*4 


45-1 


45-8 


465 


47*3 


48-1 


490 


176 


39*3 


39-8 


403 


409 


^1*5 


42-1 


427 


43'4 


440 


447 


455 


462 


47-0 


47-8 


^f'7 


178 


390 


39*5 


40-0 


40*6 


i 1*2 


41-8 


424 


430 


437 


44*4 


45*1 


459 


467 


47*5 


48-3 


x'8o 


387 


39*2 


397 


403 


40-8 


41-4 


421 


427 


43*4 


441 


44-8 


45-6 


464 


47-2 


480 


X'82 


32*3 


3Sf 


39*4 


39*9 


40-5 


4IX 


417 


42-4 


431 


43-8 


44*5 


45-3 


46*0 


469 


477 


^'li 


380 


386 


H'l 


39-6 


40-2 


408 


414 


421 


428 


43*5 


44*2 


449 


457 


465 


47-4 


X'86 


377 


382 


38-8 


393 


39*9 


405 


4I-I 


41-8 


424 


43*1 


43*9 


44-6 


45*4 


462 


^rj 


X'88 


37*4 


38*0 


38-5 


39*0 


39*6 


40*2 


408 


4^-5 


42-1 


428 


43-6 


443 


45-1 


459 


46-8 


X'90 


37*1 


377 


382 


387 


393 


39*9 


40-5 


41-2 


41-8 


425 


43*3 


44-0 


44-8 


45-6 


46-5 


i'g% 


36-9 


37-4 


37'9 


38-4 


39-0 


39-6 


402 


40-9 


41-5 


422 


43-0 


437 


44-5 


453 


462 


1-94 


36-6 


^'l 


37-6 


38*2 


387 


39-3 


39*9 


40*6 


41-2 


419 


427 


43*4 


44-2 


45-0 


45-9 


x-96 


363 


36-8 


37-3 


37*9 


38-4 


390 


39*6 


40-3 


41-0 


417 


42-4 


43-1 


43*9 


447 


45-6 


x-98 


360 


365 


37-0 


37-6 


38-2 


387 


39*4 


40-0 


407 


41-4 


421 


42-8 


43-6 


44*4 


45*3 
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Table C. 
AZIMUTHS CORRESPONDING TO THE A AND B CORRECTION. 





Azimuth is 


named N 


or S according to the name 


of the A and B correction. 




AandB 
Cor- 


LATITUDB& 1 
































netton. 


UP 


«• 


tf> 


IT 


60" 


n» 


51» 


»• 


8I* 


UP 


68" 


IT 


1- 


08> 


•0» 












AUMUTMB* 
















t 

















e 




















• 


e 





2*00 


357 


36*2 


368 


37-3 


37*9 


37*8 


39-1 


397 


40*4 


4X-I 


4X8 


42*6 


43*3 


44*2 


450 


205 


35*1 


35-6 


36-1 


366 


37*2 


38-4 


39*0 


397 


40-4 


4XX 


4x8 


42*6 


43*4 
428 


44*3 


2-IO 


^'i 


34*9 


35-4 


360 


365 


37*1 


377 


38-4 


39*0 


39*7 


404 


4x2 


4X-9 


43*6 


215 


33S 


343 


34-8 


353 


35*9 


365 


371 


37*7 


384 


39*0 


39-8 


40*5 


4x3 


42X 


429 


2'20 


33*2 


337 


34'2 


347 


35*3 


35*8 


36*4 


37*1 


37*7 


384 


39X 


39*8 


40*6 


4X-4 


42*3 


225 


32*6 


33*1 


33-6 


34*1 


347 


35-; 


35*8 


364 
35*8 


37*1 


37*8 


38*5 


39*2 


400 


40*8 


4x6 


2-30 


320 


32*5 


33*o 


335 


34*1 


34*6 


35*a 


365 


37*2 


37*9 


38*6 


39*4 


40*2 


4x0 


240 


310 


31 '4 


31*9 


324 


330 


33*5 


34*1 


347 


35*3 


36*0 


367 


37*4 


38-a 


39*0 


39-8 


250 


29-9 


30-4 


309 


314 


319 


324 


33*0 


33*6 


34*2 


34*9 


35*6 


363 


37*o 


nl 


387 


2'6o 


29-0 


29*4 


29*9 


304 


309 


31*4 


320 


32-6 


33*2 


33*8 


34*5 


35*2 


360 


36*8 


37*6 


270 


281 


28*5 


290 


294 


300 


305 


31-0 


316 


32a 


32*9 


33*5 


34*2 


35-0 


357 


365 


2'8o 


27*2 


27*6 


28*1 


28*6 


291 


29*6 


30*1 


307 


31*3 


3x9 


32*6 


33*3 


34-0 


34*7 


35*5 


2*90 


26*4 


26-8 


27-3 


277 


28*2 


28*7 


293 


298 


304 


3x0 


3x7 


323 


33-x 


33*8 


34*6 


300 


25-6 


26*0 


26*5 


26*9 


27*4 


279 


28*4 


29*0 


29*6 


30-2 


308 


3X*5 


32*2 


329 


337 
328 


310 


24*9 


253 


257 


262 


26*6 


27*1 


277 


28*2 


28*8 


29*4 


30*0 


306 


3X-3 


32X 


320 


242 


24*6 


25-0 


25*5 


259 


264 


269 


27*4 


28*0 


28*6 


29*2 


298 


305 


3x2 


320 


330 


23*6 


24*0 


24*4 


24-8 


252 


25*7 


26*2 


267 


27*3 


27-8 


28-5 


29X 


29*8 


305 


3X-2 


3*40 


22*9 


233 


237 


24*1 


24*6 


25*0 


25*5 


260 


266 


271 


27*7 


28*4 


29*0 


297 


305 


360 


21*8 


22*2 


22*5 


22-9 


23*4 


238 


24*3 


24-8 


253 


25*8 


26-4 


27*0 


277 


28*3 


291 


380 


207 


2I-I 


21*5 


21*9 


223 


22*7 


23X 


23-6 


24*1 


24-6 


252 


258 


26*4 


271 


27*8 


4-00 


19-8 


20*1 


20*5 


20*9 


21*3 


217 


22* X 


22-6 


23*0 


236 


24*1 


247 


25*3 


25*9 


26*6 


4*20 


189 


19*2 


19*6 


19*9 


20*3 


20*7 


21 *X 


2X*6 


22'X 


22*5 


23*1 


23*6 


24*2 


24-8 


24*5 


440 


181 


184 


i8-8 


191 


19-5 


19-9 


203 


207 


2X*Z 


2X*6 


22'X 


22*7 


23*2 


238 


24*4 


460 


I7'4 


17*7 


1 8-0 


i8*3 


187 


191 


19*4 


19*9 


203 


20-8 


21*2 


2X*8 


22*3 


22*9 


23*5 


4-8o 


1 6*7 


17-0 


17-3 


176 


i8-o 


183 


187 


19*1 


X9-5 


20*0 


204 


20*9 


2x5 


22*0 


22*6 


5-O0 


i6*i 


i6-3 


i6-6 


17*0 


17-3 


17*6 


x8-o 


x8*4 


x8-8 


19-2 


197 


20*2 


20*7 


21*2 


21*8 


5-50 


147 


14*9 


15-2 


15-5 


15-8 


i6*i 


i6*5 


i6*8 


X7*2 


17-6 


180 


x8*5 


i8*9 


19*4 


20*0 


6-O0 


13-5 


137 


14*0 


14-3 


14-5 


14-8 


I5-I 


15-5 


15*8 


i6-2 


16-6 


X70 


17*5 


17-9 


18-4 


650 


12*5 


12*7 


12*9 


13*2 


135 


137 


140 


14*3 


14*7 


X50 


15*4 


X5-8 


l6*2 


x6*6 


17*1 


7-00 


n-6 


II-8 


12*1 


12*3 


12-5 


Z2-8 


131 


13*4 


137 


X40 


X4*3 


X47 


X5-I 


X5*5 


15-9 


80 


IO-2 


IO-4 


Jjo'6 


xo'8 


xz*o 


XI*2 


"•5 


XX7 


X2'0 


X2*3 


12*6 


X2'9 


X3-3 


X3-6 


X4-0 


90 


9*1 


9*3 


9*4 


9-6 


98 


lo-o 


IO-2 


IO-5 


107 


xxo 


XX*2 


xx*5 


xi-8 


12-2 


12*5 


100 


S-2 


8-3 


8-5 


87 


8*8 


9*0 


92 


9*4 


97 


9*9 


xo-x 


xo*4 


xo*7 


II'O 


II-3 


II'O 


7*5 


7-6 


77 


7-9 


80 


8*2 


8*4 


8*6 


8-8 


90 


9*2 


17' 


97 


lO'O 


10*3 


I2'0 


6-8 


7-0 


71 


7*2 


7-4 


75 


77 


7*9 


8x 


8-3 


8-5 


8-9 


9*2 


9*5 


13-0 


6-3 


6-4 


6-6 


6*7 


6*8 


7*0 


7*1 


7*3 


7*5 


7-6 


7*8 


80 


8-3 


8-5 


87 


150 


5*5 


5-6 


57 


5-8 


5-9 


60 


6-2 


6-3 


6-5 


6-6 


6*8 


7*0 


7*2 


7*4 


7-6 


IJ'O 


4-8 


4*9 


50 


5-1 


5*2 


5*3 


5*5 


5-6 


5*7 


5*9 


60 


6*2 


6-3 


6*5 


67 


200 


4-1 


4*2 


4-3 


44 


4*4 


4*5 


4*6 


^'l 


4*9 


5*0 


5*1 


5-2 


5*4 


5*5 


5*7 


250 


3*3 


3*4 


3*4 


3-5 


3*6 


36 


3*7 


3-8 


3*9 


40 


4*x 


4*2 


4*3 


44 


4*6 


300 


2*7 


2*8 


2-9 


2*9 


3-0 


3*0 


31 


3*2 


3*2 


3-3 


3*4 


3*5 


3*6 


37 


3*8 


400 


2*1 


21 


2*1 


2*2 


2*2 


U 


2-3 


2*4 


2*4 


2-5 


2*6 


3*6 


27 


2*8 


2*9 


500 


r6 


17 


17 


17 


x-8 


1*9 


x*9 


x-9 


a*o 


2*0 


2*X 


2*2 


2*2 


2*3 


70-0 


1*2 


1*2 


1*2 


1*2 


1-3 


1*3 


1*3 


1*4 


x-4 


1*4 


x-5 


1-5 


X-5 


x*6 


x*6 


1000 


08 


08 


0-9 


o*9 


o*9 


0*9 


0-9 


1*0 


X'O 


x*o 


X*0 


x*x 


x*x 


I*X 


x*x 


1500 


0-5 


0-6 


0-6 


0-6 


o*6 


o*6 


o*6 


0*6 


0*6 


0*7 


07 


07 


07 


0*7 


0*8 


20O-O 


0-4 


o*4 


0*4 


o*4 


o*4 


o*5 


o*5 


0-5 


05 


05 


05 


o*5 


0-5 


06 


0*6 


300*0 


0*3 


0-3 


0*3 


o*3 


o*3 


o*3 


o'i 


o*3 


0-3 


o*3 


0*3 


0*4 


0-4 


o*4 


o*4 


400*0 


0*2 


0*2 


0*2 


0*2 


0*2 


0*2 


0*2 


0*2 


0*2 


0*2 


03 


03 


03 


0*3 


03 


800*0 


o-i 


o*i 


o*i 


0*1 


0*1 


o*i 


o*x 


0*1 


o*i 


o*x 

• 


<ri 


o*x 


o*x 


o*x 


o*i 
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Table C. 

AZIMUTHS CORRESPONDING TO THE A AND B CORRECTION. 
Anmuth is named N or 8 according to the name of the A and B correction. 



AftndB 

Cor- 
zwstdoa. 


LATITUDES. | 


ei« 


W 


63° 


UP 


ey 


W» 


vr 


68° tr 


6H» 


W 


70JO 


7I«» 


ni« 


W 


Aeikuthb. 1 


f 























f 




















•oo 


gO-O 


90*0 


90*0 


90*0 


90*0 


90-0 


90*0 


90-0 


90*0 


90-0 


90-0 


90'0 


90*0 


90*0 


900 


•oi 


897 


897 


897 


897 


89-8 


898 


898 


898 


89-8 


89-8 


898 


89-8 


89-8 


89-8 


89-8 


•02 


89-4 


89-5 


89-5 


89-5 


895 


89-5 


896 


89-6 


89-6 


896 


896 


896 


89-6 


89-6 


89-6 


•03 


892 


89-2 


892 


892 


89-3 


893 


893 


89-4 


89-4 


89-4 


894 


89-4 


89*4 


89-5 


89-5 


'O4 


88-9 


88-9 


89-0 


89-0 


890 


89-1 


891 


89-1 


892 


89-2 


892 


89-2 


89*3 


89-3 


89-3 


•05 


88-6 


887 


887 


887 


88-8 


88-8 


889 


88-9 


89-0 


89-0 


890 


890 


891 


89-1 


89-1 


•06 


88-3 


88-4 


88-4 


88-5 


88-5 


88-6 


887 


887 


88-8 


88-8 


88-8 


88-9 


889 


88-9 


88-9 


•07 


881 


88-1 


88-2 


88-2 


88-3 


88-4 


88-4 


88-5 


88-6 


88-6 


88-6 


887 


887 


887 


88-8 


•08 


87-8 


87-8 


87-9 


88-0 


881 


88-1 


88-2 


88-3 


88-4 


88-4 


88-4 


88-5 


88-5 


88-5 


88-6 


•09 


87-5 


87-6 


877 


877 


87-8 


87-9 


880 


88-1 


88-2 


88-2 


88-2 


88-3 


88-3 


88-4 


88-4 


•10 


87-2 


87-3 


87-4 


87-5 


876 


877 


87-8 


87-9 


87-9 


88-0 


88-0 


88-1 


88-1 


88-2 


88-2 


•II 


86-9 


87*0 


87T 


87-2 


87-3 


87-4 


87-5 


876 


877 


87-8 


87-8 


87-9 


87-9 


880 


88-1 


•12 


867 


86-8 


869 


870 


87-1 


87-2 


87-3 


87-4 


87-5 


87-6 


87-6 


877 


87-8 


87-8 


87-9 


•13 


86-4 


86-5 


86-6 


867 


869 


87-0 


87-1 


87-2 


87-3 


87-4 


87*5 


87-5 


87-6 


87-6 


877 


•14 


86-1 


86-2 


86-4 


86-5 


86-6 


867 


86-9 


87-0 


87-1 


87-2 


87-3 


87-3 


87-4 


87*5 


87*5 


•15 


85-8 


86-0 


86-1 


86-2 


86-4 


86-5 


86-6 


86-8 


869 


87-0 


87-1 


87-1 


87-2 


87-3 


873 


•16 


85-6 


857 


85-8 


860 


86-1 


86-3 


86-4 


86-6 


867 


86-8 


86-9 


86-9 


87-0 


87-1 


87-2 


•17 


85-3 


85-4 


85-6 


857 


85-9 


86-0 


86-2 


86-4 


86-5 


86-6 


867 


86-8 


86-8 


86-9 


87-0 


•18 


850 


85-2 


85-3 


85-5 


85-6 


85-8 


860 


86-1 


86-3 


86-4 


86-5 


86-6 


86-6 


867 


86-8 


•19 


847 


84-9 


85-1 


85-2 


85-4 


856 


85-8 


85-9 


86-1 


86-2 


86-3 


86-4 


86-5 


86-5 


86-6 


•20 


845 


84-6 


84-8 


85-0 


85-2 


85-3 


85-5 


857 


859 


860 


86-1 


86-2 


86-3 


86-4 


86-5 


•21 


84-2 


84-4 


84-6 


847 


84-9 


85-1 


85-3 


85-5 


857 


85-8 


85-9 


860 


86-1 


86-2 


86-3 


•22 


83-9 


84-1 


843 


84-5 


847 


84-9 


85-1 


85-3 


85-5 


85-6 


857 


85-8 


85-9 


86-0 


861 


•23 


83-6 


83-8 


84*0 


842 


84-4 


847 


84-9 


85-1 


85-3 


85-4 


85*5 


85-6 


857 


85-8 


85*9 


•24 


83-4 


83-6 


83-8 


84-0 


842 


84-4 


84-6 


849 


85-1 


85-2 


85-3 


85-4 


85-5 


85-6 


85-8 


•25 


83-1 


83-3 


83-5 


837 


84-0 


84-2 


84-4 


84-6 


84-9 


850 


85-1 


85-2 


f5'3 


85*5 


85-6 


•26 


82-8 


830 


83-3 


83-5 


837 


84-0 


842 


84-4 


847 


84-8 


84-9 


85-0 


85-2 


85*3 


85-4 


•27 


825 


82-8 


830 


83-2 


83-5 


837 


84-0 


84-2 


84-5 


84-6 


84*7 


84-8 


85-0 


85-1 


852 


•28 


82-3 


82-5 


82-8 


830 


833 


835 


83-8 


840 


84-3 


84-4 


84*5 


847 


84-8 


84-9 


85-1 


•29 


820 


82-2 


82-5 


82-8 


830 


83-3 


83-5 


83-8 


84-1 


84-2 


84-3 


84-5 


846 


847 


84*9 


•30 


817 


820 


82-2 


825 


82-8 


830 


833 


836 


83-9 


84-0 


84-1 


84-3 


84*4 


84-6 


847 


•31 


8i-5 


817 


82-0 


82-3 


82-5 


82-8 


83-1 


83-4 


837 


83-8 


839 


84-1 


84:2 


84-4 


84*5 


•32 


8i-2 


81-5 


817 


82-0 


82-3 


826 


82-9 


83-2 


83-5 


836 


83-8 


83-9 


84-1 


84-2 


84-4 


'33 


80-9 


8i-2 


8i-5 


8i-8 


82-1 


82-4 


827 


830 


83-3 


83-4 


83-6 


837 


83-9 


840 


84-2 


•34 


8o-6 


809 


8i-2 


8i-5 


8i-8 


82-1 


82-4 


827 


83-1 


832 


83-4 


83*5 


83*7 


838 


840 


•35 


8o-4 


807 


8i-o 


8i-3 


8i-6 


81-9 


82-2 


82-5 


82-9 


830 


83-2 


83-3 


83*5 


837 


83-8 


•36 


8o-i 


8o-4 


807 


81 -o 


8i-3 


817 


820 


82-3 


82-6 


82-8 


83-0 


83*1 


833 


83-5 


837 


•37 


79*8 


8o-i 


805 


8o-8 


81T 


81-4 


8i-8 


82-1 


82-4 


82-6 


82-8 


83-0 


83-1 


83-3 


83-5 


•38 


796 


79-9 


802 


8o-5 


80-9 


8i-2 


81 -6 


81-9 


82-2 


82-4 


82-6 


82-8 


82*9 


83-1 


83*3 


•39 


79*3 


79-6 


8o-o 


8o-3 


8o-6 


8i-o 


8i-3 


817 


82-0 


82-2 


82-4 


82-6 


82-8 


82-9 


83-1 


•40 


79-0 


79*4 


797 


801 


8o-4 


8o-8 


8i-i 


8i-5 


8i-8 


82-0 


82-2 


82-4 


826 


82-8 


830 


•41 


78-8 


79-1 


795 


79-8 


802 


8o-5 


80-9 


8i-3 


8i-6 


8i-8 


82*0 


82-2 


82-4 


82-6 


828 


•42 


78-5 


78-8 


79*2 


79-6 


799 


803 


807 


8i-i 


8i-4 


8i-6 


8i-8 


82-0 


82-2 


82-4 


826 


•43 


78-2 


78-6 


79-0 


79*3 


797 


8o-i 


8o-5 


8o-8 


81-2 


8i-4 


8i-6 


8i-8 


82-0 


82-2 


82-4 


•44 


78-0 


783 


787 


791 


795 


799 


802 


806 


8i'o 


8i-2 


8i-4 


81 -6 


8i-8 


82-1 


823 


•45 


777 


78-1 


78-5 


78-8 


79-2 


796 


8o'o 


80-4 


8o-8 


8i-o 


8i-3 


81-5 


817 


81 '9 


-82-1 


•46 


77*4 


77-8 


78-2 


786 


790 


79*4 


79-8 


802 


8o-6 


808 


8i-i 


8i-3 


!''5 


817 


819 


•47 


77*2 


77-6 


78-0 


78-4 


78-8 


79*2 


79-6 


8o-o 


8o-4 


807 


80-9 


8i-i 


81-3 


8i-5 


817 


•48 


76-9 


77*3 


777 


78-1 


78-5 


79-0 


79-4 


79-8 


8o-2 


8o-5 


807 


809 


8i'i 


8i-3 


8i'6 


•49 


766 


77-0 


77*5 


77*9 


78-3 


787 


79*2 


79-6 


8o-o 


8o-3 


805 


807 


80-9 


8i-2 


8i-4 


•50 


76-4 


76-8 


77*2 


77-6 


78-1 


78-5 


78-9 


79*4 


79-8 


8o-i 


803 


80-5 


8o-8 


8i-o 


8i-2 


•51 


76-1 


765 


77-0 


77*4 


77-8 


78-3 


787 


79*2 


796 


79*9 


8o-i 


8o-3 


806 


8o-8 


8i-o 


•52 


75*9 


763 


767 


77-2 


77-6 


78-1 


78-5 


79.0 


79-4 


797 


79.9 


8o-2 


8o-4 


8o-6 


809 


•53 


75-6 


76*0 


76-5 


76-9 


77*4 


77-8 


78-3 


78-8 


79-2 


79*5 


797 


8o-o 


8o-2 


8o-5 


807 


•54 


75*3 


75-8 


76*2 


767 


^7-1 


77-6 


78-1 


78-6 


79*0 


79*3 


79*5 


79*8 


8o-o 


803 


8o-5 
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Table C. 

AZIMUTHS CORRESPONDING TO THE A AND B CORRECTION. 

Azimuth is named N or S according to the name of the A and B correction. 



AftndB 
Got- 



LATITUDES. 



6P 



mp w 



64° 



Mi» 



70» 



710 ^o fgD 



•55 
•56 
•57 
•58 
•59 

•60 
•61 
•62 
•63 
•64 

•65 
•66 
•67 
•68 
•69 

•70 
•71 
•72 
•73 
•74 

•75 
•76 

•77 
•78 

'79 

•80 
•81 
•82 

•83 
•84 

•85 
•86 

•87 
•88 

•89 

•90 
•91 
•92 
•93 
•94 

•95 
•96 

•97 
•98 

•99 

I'OO 
I^02 
1*04 
I -06 

I -08 

I*IO 
I'I2 

I-I4 
i-i6 
I'iS 



Azimuths. 













































75'! 


75-5 


76^0 


76-4 


76-9 


77-4 


77-9 


78-4 


78-8 


79-1 


79*3 


79*6 


79*8 


8o'i 


74-8 


75*3 


757 


76-2 


767 


77*2 


777 


78^2 


787 
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270 


37*4 


38-3 


39-2 


40*2 


41-2 


42-3 


43-5 


447 


45-9 


46-6 


47*3 


48-0 


487 


49-4 


50-2 


2-8o 


36-4 


37*3 


38-2 


39-2 


40*2 


4i'3 


42-4 


43-6 


44*9 


45-6 


46-2 


46-9 


47-6 


48-4 


49-1 


2-90 


35-4 


36-3 


37-2 


38*2 


39-2 


40-3 


41*4 


42*6 


43*9 


44.6 


45-2 


45*9 


46-6 


47*4 


48-1 


3-00 


34-5 


35*4 


36-3 


37*2 


38-3 


39*3 


40-5 


417 


42-9 


43-6 


44*3 


45-0 


457 


46-4 


47-2 


3'io 


33-6 


34-5 


35-4 


36-3 


37*4 


38-4 


39*5 


407 


42-0 


42-6 


43'3 


44-0 


447 


45-5 


462 
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Table C. 

AZIMUTHS CORRESPONDING TO THE A AND B CORRECTION. 
Azimuth is named N or S according to the name of the A and B correction. 



A anas 
Cop- 


LATITUDES. 1 


























reotkm. 


•1° 


82° 


63° 


BiP 


65° 


68° 


87° 


68° 69° 


8»i° 


W 70i° 


71° 7Ii° 


78° 


Azimuths. | 


r 




















, 























3*20 


32-8 


33-6 


34-5 


35-5 


365 


37-5 


387 


39-8 


4I-I 


41*7 


42*4 


43-1 


43-8 


44-6 


45'3 


3-30 


32-0 


32-8 


337 


347 


35-6 


367 


37-8 


39.0 


40*2 


40*9 


41-5 


42*2 


429 


^37 


44*4 


3-40 


31-2 


32-1 


32*9 


33'9 


34*8 


35'9 


37-0 


38-1 


39-4 
37-8 


400 


40-7 


41-4 


42*1 


42*8 


43-6 


3-60 


29*8 


30*6 


31-5 


324 


33*3 


34-3 


35-4 


36-6 


38*4 


39-1 


39-8 


40*5 


41*2 


42-0 


380 


28-5 


29-3 


30-1 


31-0 


319 


32-9 


34-0 


35-1 


36-3 


36-9 


37*6 


38-3 


38*9 


397 


40*4 


4-00 


27*3 


28-0 


28-8 


297 


30-6 


31-6 


326 


337 


34*9 


35*5 


36*2 


368 


37*5 


38-2 


39-0 


4-20 


26*2 


269 


277 


28*5 


29*4 


30-3 


31*4 


32-4 


33-6 


34*2 


34-8 


35-5 


36*2 


36-9 


37-6 


4-40 


25-1 


25-8 


266 


27-4 


283 


29*2 


30-2 


312 


32*4 


33*0 


33-6 


34*2 


34*9 


35-6 


36-3 


460 


24-2 


24-8 


256 


264 


27-2 


28*1 


29*1 


30- 1 


3i-a 


31*8 


32-4 


33-x 


337 


34-4 


35*1 


4-8o 


23*3 


239 


246 


25-4 


262 


27-1 


28*1 


29*1 


30-2 


307 


31-3 


32*0 


32-6 


33*3 


34-0 


500 


22*4 


23-1 


23-8 


24*5 


253 


262 


271 


28*1 


292 


297 


30-3 


30-9 


31-6 


32*2 


32-9 


5-20 


21*6 


22-3 


230 


237 


245 


25*3 


262 


27-2 


28-2 


288 


29-3 


29*9 


30*6 


312 


31*9 


5*40 


20'9 


21*5 


22*2 


22*9 


237 


245 


25*4 


26- 3 


27-3 


27*9 


28*4 


29*0 


29-6 


30-3 


309 


5-6o 


20'2 


20-8 


21*5 


22-2 


229 


237 


24-6 


255 


265 


27*0 


27-6 


28*1 


28*7 


29*4 


30*0 


5-8o 


19*6 


20-2 


20'8 


21-5 


22*2 


230 


23-8 


247 


257 


26*2 


26*8 


27-3 


27*9 


28-5 


292 


6-00 


19*0 


195 


20'2 


20-8 


21*5 


22*3 


23-1 


240 


249 


25*4 


26-0 


26*5 


27-1 


27*7 


28*3 


6*20 


18-4 


19-0 


19*6 


20*2 


20-9 


21-6 


22*4 


233 


242 


24*7 


252 


25-8 


26*4 


26*9 


27*6 


6*40 


17*9 


18*4 


19*0 


19-6 


20*3 


210 


21-8 


22*6 


23-6 


24*0 


24-6 


25-1 


25-6 


26*2 


26-8 


6-6o 


17-4 


17-9 


18-5 


191 


197 


20*4 


21*2 


22*0 


22*9 


23-4 


23-9 


24*4 


25*0 


255 


26*1 


6-8o 


i6*9 


17*4 


17*9 


18-5 


19-2 


19*9 


20*6 


21*4 


22*3 


22-8 


23*3 


238 


24*3 


24*9 


25-4 


7-00 


i6-4 


i6'9 


17-5 


i8*o 


187 


19-4 


20*I 


209 


21*7 


22*2 


227 


23*2 


237 


24*2 


24-8 


7-20 


i6'0 


165 


17-0 


176 


i8-2 


18-9 


19*6 


20*3 


21*2 


21*6 


22-1 


22*6 


23*1 


23-6 


24*2 


7-40 


15*6 


i6-i 


16*6 


17*1 


177 


i8*4 


I9-I 


19-8 


20*7 


21*1 


21-6 


22 'O 


22*5 


23*1 


23'6 


7-60 


15*2 


157 


i6-2 


167 


i7'3 


17-9 


i8*6 


19-4 


20*2 


20*6 


21-0 


21*5 


22*0 


22-5 


23-1 


7-8o 


14-8 


15*3 


15-8 


i6-3 


16-9 


17*5 


l8*2 


18-9 


19*7 


20*1 


20*5 


2I*0 


21*5 


22*0 


22*5 


8-00 


14*5 


14*9 


15-4 


15-9 


i6*5 


I7-I 


177 


18*5 


19*2 


19*6 


20'I 


20-5 


2I*0 


21*5 


22*0 


8-20 


Vi 


14-6 


150 


15-5 


i6-i 


16*7 


17-3 


180 


18*8 


19-2 


19*6 


20*1 


20*5 


21*0 


21*5 


8*40 


13-8 


14*2 


147 


15-2 


157 


16-3 


i6*9 


17-6 


18*4 


l8*8 


19-2 


19*6 


20*1 


20*6 


21*1 


8-6o 


13-5 


13-9 


14-4 


14*9 


15*4 


i6*o 


i6-6 


17*2 


i8*o 


i8*4 


i8-8 


19*2 


197 


20-I 


20*6 


8*8o 


132 


13-6 


14*1 


14-5 


151 


15-6 


16*2 


i6*9 


17*6 


i8*o 


i8*4 


i8*8 


19*2 


19*7 


20-2 


9*00 


12*9 


133 


13-8 


14*2 


147 


15*3 


15*9 


16-5 


17*2 


17*6 


i8*o 


i8*4 


i8*8 


19*3 


19-8 


9'20 


12*6 


130 


135 


13*9 


14-4 


15*0 


15*5 


l6'2 


i6*9 


17*2 


17-6 


180 


18*5 


i8*9 


19*4 


9-40 


12-4 


12-8 


132 


13-6 


14-1 


147 


15*2 


15*9 


i6*5 


i6*9 


17*3 


17*7 


18*1 


i8-5 


19*0 


9"6o 


12*1 


12-5 


129 


13*4 


13-8 


14-4 


14*9 


^5'5 


I6*2 


i6'6 


i6'9 


17*3 


177 


18*2 


i8*6 


9-80 


11*9 


12*3 


12-7 


13*1 


13-6 


14*1 


14-6 


15*2 


15-9 


l6*2 


i6*6 


17*0 


17*4 


17-8 


i8*3 


lO'O 


11*7 


I2*0 


12*4 


12-9 


13-3 


13-8 


14*4 


14*9 


15-6 


15*9 


16*3 


16*7 


17*1 


17*5 


17*9 


II'O 


zo*6 


11*0 


II-3 


11*7 


12*1 


12-6 


13*1 


13*6 


14*2 


14-6 


14*9 


15-2 


15-6 


16*0 


i6*4 


I2-0 


9-8 


lo-i 


10-4 


IO-8 


11*2 


II-6 


12*0 


12*5 


13*1 


13*4 


137 


14*0 


14*4 


147 


15-1 


13-0 


90 


9*3 


9-6 


100 


IO-3 


10-7 


H'l 


11*6 


12*1 


12-4 


127 


13-0 


13*3 


13-6 


14*0 


140 


8*4 


87 


8-9 


9*3 


9-6 


lO'O 


10*4 


IO-8 


n-3 


11*5 


11*8 


12*1 


12*4 


127 


13-0 


i6*o 


7'3 


7-6 


7-8 


8*1 


8*4 


87 


9-1 


9-5 


9.9 


IO*I 


10*4 


10-6 


10*9 


ii'i 


11*4 


i8*o 


6*5 


6*7 


7*o 


7*2 


7*5 


7*8 


8*1 


8*4 


8*8 


9*o 


92 


?'^ 


97 


9.9 


IO*2 


20*0 


59 


6*1 


6-3 


6-5 


6*7 


7-0 


7*3 


7-6 


7*9 


8-1 


8-3 


8-5 


87 


9*0 


9*2 


22*0 


5'4 


5'5 


57 


5*9 


6*1 


6*4 


6*6 


6*9 


7*2 


7'4 


7-6 


7*8 


7-9 


8*2 


8-4 


24-0 


4-9 


5-1 


5*2 


5-4 


5-6 


5-8 


6*1 


6*3 


6-6 


6-7 


6*9 


7-1 


7-3 


7*5 


77 


26-0 


4*5 


47 


4-8 


S'o 


5*2 


5*4 


5-6 


5-9 


6*1 


6-3 


6*4 


6*6 


67 


6*9 


Vi 


28*0 


4-2 


4*4 


4*5 


47 


4-8 


5-0 


5*2 


5-4 


57 


5*8 


6*o 


6*1 


6-3 


6*4 


6*6 


30*0 


3*9 


4-1 


4*2 


4-3 


4*5 


47 


4*9 


5*1 


5-3 


5-4 


5-6 


57 


5-8 


6*0 


6*2 


40*0 


3*o 


3-0 


3*2 


3*3 


3-4 


3*5 


37 


3-8 


4-0 


4-1 


4*2 


4*3 


4*4 


4*5 


4-6 


50-0 


2*4 


2*4 


2-5 


2*6 


27 


2*8 


2*9 


yi 


3-2 


3*3 


3-3 


3*4 


3-5 


3-6 


37 


70*0 


17 


17 


1*8 


1*9 


1*9 


2*0 


2'I 


2*2 


2-3 


2-3 


2*4 


2*5 


2-5 


2*6 


2*6 


100*0 


1*2 


1*2 


1*3 


1*3 


1*4 


1-4 


i"5 


1*5 


1*6 


1*6 


17 


17 


1*8 


1*8 


1*9 


200*0 


0*6 


0*6 


0*6 


0*7 


o*7 


o*7 


0*7 


o*8 


o*8 


0*8 


o*8 


0*9 


o*9 


o*9 


o*9 


400*0 


0-3 


o*3 


0-3 


0-3 


0-3 


0*4 


0*4 


0*4 


0*4 


0*4 


o*4 


0*4 


o*4 


0-5 


o*5 


8oo*o 


o*i 


0*2 


0*2 


0*2 


0*2 


0*2 


0*2 


0*2 


0*2 


0*2 


0*2 


0*2 


0*2 


0'2 


0*2 
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Table O. 

AZIMUTHS CORRESPONDING TO THE A AND B CORRECTION. 
Asimntli is named N or S according to tb« name of the A and B corractioa. 



Oar- 
iMtton. 


LATITUDES. \ 


O* 


m 


•V> U« 


•r 


•r 


fr» 


«r 


•r 


mp 


10* 


»r 


n« 


w 


- 


Azimuths. | 


9 



































Q 





e 


I'20 


59-8 


6o-6 


61-4 


62-3 


63-1 


64*0 


649 


65-8 


667 


67*2 


677 


68-2 


687 


69-2 


697 


1-22 


59-4 


6o-2 


6i'o 


6i'9 


6a-7 


63-6 


645 


65-4 


66-4 


669 


67-4 


67-8 


68-3 


68-8 


69-3 


1-24 


59-0 


59-8 


6o-6 


6i-5 


62-3 


63*2 


64-1 


65-1 


66-0 


66-5 


67*0 


67*5 


68-0 


68-5 


69-0 


1-26 


58-6 


59-4 


602 


6ri 


62*0 


62*9 


638 


647 


657 


66-2 


667 


67-2 


677 


68-2 


687 


X-28 


58-2 


59'o 


59-8 


6o*7 


6r6 


62-5 


63-4 


64-4 


65-4 


65-9 


66-4 


66-9 


67-4 


679^ 


68-4 


I-30 


57-8 


58-6 


59*5 


60-3 


6i-2 


62-1 


631 


64*0 


65*0 


65*5 


660 


66-5 


67-1 


67-6 


68-1 


1-32 


57*4 


58-2 


59-1 


59*9 


6o-8 


6i-8 


627 


637 


647 


65*2 


65*7 


66-2 


667 


67*3 


67-8 


1-34 


57-0 


57-8 


587 


59-6 


6o-5 


61-4 


62-4 


63-3 


64-3 


64-9 


65-4 


65-9 


66-4 


67'o 


67*5 


1-36 


56-6 


57-4 


58-3 


59-2 


6o-i 


6i-i 


62*0 


63*0 


64*0 


64-5 


65-1 


65-6 


66-1 


667 


67-2 


1-38 


56-2 


57-1 


57*9 


58-8 


597 


607 


617 


627 


637 


64*2 


647 


65-3 


65-8 


66-4 


66-9 


I-40 


55-8 


567 


57-6 


58-5 


59*4 


60-3 


61-3 


62-3 


63*4 


63-9 


64*4 


65*0 


65-5 


66-0 


66-6 


1-42 


55*5 


56-3 


57*2 


58-1 


59-0 


6o'0 


61 'O 


62-0 


63*0 


63-6 


64-1 


64-6 


65-2 


657 


66-3 


1-44 


55-1 


55*9 


56-8 


577 


587 


59-6 


606 


617 


627 


63-2 


63-8 


64*3 


64-9 


65*4 


66-0 


I '46 


547 


55-6 


56-5 


57*4 


58-3 


59*3 


6o-3 


6i-3 


62-4 


62*9 


63*5 


64*0 


64-6 


65-1 


657 


1-48 


54'3 


55-2 


56-1 


57-0 


58-0 


59-0 


60*0 


61*0 


62-1 


62*6 


632 


637 


64-3 


64-8 


65*4 


1-50 


54-0 


54*8 


557 


567 


57-6 


58-6 


59-6 


607 


617 


62-3 


62-8 


63*4 


64*0 


64*5 


65-1 


1-52 


53-6 


54*5 


55-4 


56-3 


57-3 


58-3 


59*3 


603 


6i-4 


62*0 


62-5 


63-1 


637 


64*3 


64-8 


1-54 


53*3 


54-1 


55-0 


56-0 


56-9 


57-9 


59-0 


6o'o 


6i-i 


617 


622 


62-8 


63-4 


64*0 


646 


1-56 


52-9 


53-8 


547 


55-6 


56-6 


57-6 


38-6 


597 


6o-8 


6i-4 


61 '9 


62-5 


63-1 


63*7 


64*3 


1-58 


52-5 


53-4 


54*3 


55-3 


56-3 


57-3 


58-3 


59-4 


6o-5 


6i'o 


6i-6 


62-2 


62-8 


63*4 


64*0 


i-6o 


52'2 


53-1 


54-0 


55-0 


55-9 


56-9 


58*0 


59*1 


6o-2 


607 


6i-3 


61-9 


62-5 


63-1 


63*7 


1-62 


51-9 


527 


537 


54-6 


55-6 


56-6 


577 


587 


59*9 


60-4 


61 'O 


61 -6 


62-2 


62-8 


63*4 


1-64 


51-5 


52-4 


53*3 


54-3 


55-3 


56-3 


57'3 


58-4 


59*6 


601 


607 


6i-3 


6i'9 


62-5 


63-1 


1-66 


51*2 


52-1 


53*o 


54-0 


54*9 


56-0 


57-0 


58-1 


59*3 


59*8 


60-4 


6i-o 


6i-6 


62-2 


62-8 


1-68 


50-8 


517 


527 


53-6 


54-6 


557 


567 


57-« 


58-9 


59*5 


601 


607 


61-3 


6z*9 


626 


1*70 


50-5 


51-4 


52-3 


53-3 


54-3 


55-3 


56-4 


57*5 


58-6 


59*2 


59*8 


6o-4 


61 'O 


617 


62*3 


1-72 


50-2 


5I-I 


52*0 


53*o 


54-0 


55-0 


56-1 


57*2 


58-4 


58-9 


59*5 


6o-i 


6o-8 


6i-4 


62*0 


1-74 


49*9 


50-8 


517 


527 


537 


547 


55-8 


56-9 


58-1 


58-6 


59*2 


59*9 


60-5 


6i-i 


617 


1-76 


49*5 


50-4 


51-4 


52-3 


53*4 


54-4 


55*5 


56-6 


57*8 


58-4 


59-0 


59*6 


6o-2 


6o-8 


6i-5 


178 


49*2 


50-I 


5I-I 


52-0 


53-0 


54-1 


55-2 


56-3 


57*5 


58-1 


587 


59-3 


59*9 


60-5 


61 '2 


i-8o 


48-9 


49-8 


507 


517 


527 


53-8 


54-9 


56'0 


57-2 


57*8 


58-4 


59-0 


59*6 


60-3 


6o*9 


1-82 


48-6 


49-5 


50-4 


51-4 


52-4 


.53-5 


54-6 


557 


569 


57*5 


58-1 


587 


59*4 


6o*o 


6o'6 


'1^ 


48-3 


49-2 


50-I 


5I-I 


52- 1 


53-2 


54*3 


55*4 


56-6 


57*2 


57*8 


58-4 


59*1 


59*7 


6o-4 


1-86 


48-0 


48-9 


49-8 


50-8 


51-8 


52-9 


54-0 


55-1 


563 


56-9 


57*5 


58-2 


58-8 


59*5 


6o-i 


1-88 


477 


48-6 


49-5 


50-5 


51-5 


52-6 


537 


54-8 


56-0 


56-6 


57*3 


57*9 


58-5 


59-2 


59*8 


i-go 


47-4 


48-3 


49-2 


50-2 


51-2 


52-3 


53*4 


54-6 


55*7 


56-4 


57-0 


57*6 


58-3 


58-9 


59*6 


1-92 


47-1 


48-0 


48-9 


49*9 


50-9 


52*0 


53-1 


54*3 


55*5 


56-1 


567 


57*3 


58-0 


58-6 


59*3 


1-94 


46-8 


477 


48-6 


49*6 


507 


517 


52-8 


54.0 


55*2 


55-8 


56-4 


57*1 


57*7 


58-4 


59*1 


1-96 


46-5 


47*4 


48-3 


49*3 


50-4 


51-4 


52-6 


53*7 


54*9 


55*5 


56-2 


56-8 


57*5 


58-1 


58-8 


1-98 


46-2 


47-1 


48-0 


49-0 


50-I 


51-2 


52-3 


53*4 


54*6 


55*3 


55*9 


56-5 


57*2 


57*9 


58-5 


2-00 


45-9 


46-8 


47-8 


48-8 


49*8 


50-9 


52-0 


53*2 


54*4 


55-0 


55*6 


56-3 


56-9 


57-6 


5a*3 


2-05 


45-2 


46-1 


47-1 


48-1 


49*1 


50*2 


51-3 


52-5 


53*7 


54*3 


55*0 


55*6 


56-3 


57*0 


57*6 


2*IO 


^1 


45-4 


46-4 


47-4 


48-4 


49*5 


50-6 


51-8 


53*0 


53*7 


54*3 


55*o 


55*6 


56-3 


57*0 


2-15 


43-8 


447 


457 


467 


477 


48-8 


50*0 


51-2 


52-4 


53*o 


53*7 


54*3 


55*o 


55*7 


56-4 


2-20 


43-2 


44-1 


45-0 


46-0 


47-1 


48-2 


49*3 


50-5 


517 


52-4 


53-0 


53*7 


54*4 


55-1 


55*8 


2-25 


42-5 


43*4 


44-4 


45-4 


46-4 


47*5 


487 


49*9 


51*1 


51*8 


52-4 


53*1 


53*8 


54-5 


55-2 


2-30 


41-9 


42-8 


43-8 


44-8 


45-8 


46-9 


48-1 


49*3 


50-5 


51*1 


51-8 


52-5 


53*2 


53*9 


54.6 


2-40 


407 


41-6 


42-5 


43*5 


44-6 


457 


46-8 


48-0 


49*3 


50-0 


50-6 


51*3 


52-0 


527 


53*4 


2-50 


39*5 


40-4 


41-4 


42-4 


43-4 


44-5 


457 


46-9 


48-1 


48-8 


49*5 


50*2 


50-9 


51-6 


523 


2-6o 


38-4 


39'3 


40-3 


41-3 


42-3 


43*4 


44-5 


45*8 


47-0 


47*7 


48-4 


49*0 


49*8 


50-5 


51-2 


2*70 


37-4 


38-3 


39-2 


40*2 


41*2 


42-3 


43*5 


44*7 


45*9 


46-6 


47*3 


48-0 


487 


49*4 


50-2 


2-8o 


36-4 


37-3 


38*2 


39-2 


40*2 


41*3 


42-4 


43*6 


44*9 


45*6 


46*2 


46-9 


47*6 


48-4 


49*1 


2-90 


35*4 


36-3 


37-2 


38-2 


39*2 


40-3 


41-4 


42-6 


43'9 


44*6 


45*2 


45*9 


46-6 


47*4 


48-1 


3-00 


34*5 


35-4 


36-3 


37-2 


38-3 


39-3 


40-5 


417 


429 


43-6 


44*3 


45-0 


45*7 


46-4 


47*2 


3'io 


33-6 


34*5 


35*4 


36-3 


37*4 


38-4 


39*5 


407 


42-0 


42-6 


43*3 


44*0 


44*7 


45*5 


462 
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Table C. 

AZIMUTHS CORRESPONDING TO THE A AND B CORRECTION. 
Azimuth is named N or S according to the name of the A and B correction. 



AftudB 
Cor- 


LATITUDES. j 














1 






1 




reotton. 


•1«» 


88° 


63° 


6A° 


65° 


66° 


67° 66° 


69° 


69i° 


70° 70i° 7P 71i° 


79° 


Azimuths. | 


f 




















, 























3-20 


328 


33-6 


34*5 


35-5 


36-5 


37-5 


387 


39-8 


4I-I 


417 


42-4 


43-1 


43-8 


44-6 


45*3 


3'30 


32-0 


32-8 


337 


347 


35-6 


367 


37-8 


39-0 


40-3 


40-9 


41-5 


422 


429 


^3*7 


44*4 


3-40 


31-2 


32-1 


32-9 


33*9 


34-8 


35*9 


37*0 


38-1 


39-4 
37-8 


40*0 


407 


41-4 


42-1 


42-8 


43-6 


3-60 


29*8 


30*6 


31-5 


324 


33*3 


34-3 


35-4 


36-6 


38-4 


39-1 


39-8 


40-5 


41-2 


42-0 


380 


28-5 


293 


30-1 


310 


31*9 


329 


34-0 


35-1 


36-3 


36-9 


37-6 


38-3 


38*9 


397 


40-4 


4-00 


27-3 


28-0 


28-8 


297 


30*6 


31-6 


32 6 


337 


34-9 


35*5 


362 


368 


37*5 


38-2 


39-0 


4*20 


26-2 


269 


277 


28*5 


29-4 


30-3 


31-4 


32-4 


33-6 


34-2 


34-8 


35-5 


36-2 


36-9 


37-6 


4-40 


25-1 


25-8 


266 


27-4 


283 


29-2 


30-2 


31-2 


32-4 


33-0 


33-6 


34*2 


34-9 


35-6 


36-3 


4-60 


24-2 


24-8 


25-6 


26-4 


27*2 


28-1 


29-1 


30- 1 


31-2 


31-8 


32-4 


33*1 


337 


34*4 


35*1 


4-8o 


23-3 


23*9 


24-6 


25-4 


262 


27-1 


28-1 


29*1 


30*2 


307 


31*3 


32*0 


32*6 


33*3 


34-0 


500 


22-4 


231 


23-8 


24-5 


253 


26*2 


271 


28-1 


292 


297 


30*3 


30-9 


31-6 


322 


32-9 


5'20 


21-6 


223 


23-0 


237 


245 


25*3 


262 


272 


282 


288 


29-3 


29*9 


306 


31*2 


31-9 


5*40 


20'9 


21-5 


22*2 


22*9 


237 


245 


25-4 


263 


273 


27-9 


28-4 


29*0 


29*6 


30-3 


30-9 


5-60 


20'2 


20-8 


21-5 


22*2 


229 


237 


24*6 


255 


265 


27*0 


27-6 


28-1 


287 


29*4 


30*0 


5-8o 


19-6 


20*2 


20-8 


21-5 


22-2 


230 


23-8 


247 


257 


26-2 


26-8 


27*3 


27*9 


28-5 


29' 2 


6'Oo 


19*0 


i9'5 


20'2 


20-8 


21-5 


223 


23-1 


240 


249 


25*4 


26-0 


26-5 


27-1 


277 


28-3 


6'20 


18-4 


190 


19*6 


20*2 


209 


21*6 


22-4 


233 


24*2 


247 


25-2 


25-8 


26-4 


26*9 


27-6 


6*40 


17-9 


i8'4 


19-0 


I9'6 


20-3 


21'0 


21-8 


22-6 


23*6 


24-0 


24-6 


25-1 


256 


26*2 


26-8 


6*6o 


17-4 


17-9 


i8-5 


I9-I 


197 


20-4 


21*2 


22«0 


22*9 


23*4 


23*9 


24-4 


25*0 


25*5 


26-1 


680 


i6'9 


17*4 


17-9 


18-5 


19-2 


19-9 


20*6 


21-4 


22-3 


22-8 


23-3 


238 


24-3 


24*9 


25*4 


7-00 


16-4 


i6"9 


17-5 


i8-o 


187 


19-4 


20-I 


209 


217 


22-2 


227 


232 


237 


24-2 


24-8 


7-20 


i6-o 


i6-5 


17-0 


176 


i8-2 


18-9 


19-6 


20*3 


21-2 


21-6 


22-1 


22-6 


23*1 


23-6 


24-2 


7-40 


15-6 


i6-i 


i6-6 


I7-I 


177 


18-4 


191 


19-8 


207 


21*1 


21-6 


22'0 


22-5 


23*1 


23*6 


7-60 


15-2 


157 


i6-2 


167 


17*3 


179 


i8-6 


19*4 


20'2 


20'6 


21-0 


21-5 


22 'O 


22-5 


23-1 


7-8o 


14-8 


15-3 


15-8 


i6-3 


i6*9 


17*5 


i8-2 


18-9 


197 


20'I 


20-5 


2I-0 


21-5 


22*0 


22-5 


8-00 


I4'5 


14-9 


15-4 


15-9 


i6-5 


17-1 


177 


18-5 


19*2 


19-6 


20-1 


20-5 


21*0 


21-5 


22*0 


8*20 


•i4-i 


14-6 


150 


155 


i6-i 


167 


i7'3 


i8-o 


i8-8 


19-2 


196 


20-1 


20*5 


21'0 


21-5 


8*40 


13-8 


14-2 


147 


15*2 


157 


i6-3 


16-9 


17*6 


i8-4 


i8-8 


19-2 


19-6 


20*I 


20-6 


21*1 


8-6o 


13-5 


13*9 


14*4 


14-9 


15*4 


i6-o 


i6-6 


17-2 


i8'0 


18-4 


i8-8 


19-2 


197 


20-I 


20'6 


8*8o 


I3'2 


13-6 


14-1 


14-5 


151 


15-6 


l6'2 


16-9 


17-6 


i8-o 


i8-4 


i8-8 


19-2 


197 


20-2 


9-00 


12-9 


13-3 


13-8 


14*2 


147 


15-3 


15-9 


i6-5 


17-2 


17-6 


i8-o 


i8-4 


i8-8 


19-3 


19-8 


9'20 


12-6 


13-0 


135 


13*9 


144 


15-0 


15-5 


i6-2 


i6'9 


17-2 


17-6 


i8-o 


18-5 


18-9 


19-4 


9-40 


12-4 


12-8 


132 


13-6 


I4-X 


147 


15-2 


15-9 


i6-5 


i6*9 


17*3 


177 


i8-i 


^P 


19*0 


9-60 


I2'I 


12-5 


I2'9 


13*4 


138 


14-4 


14-9 


^5'5 


i6-2 


i6-6 


i6*9 


17-3 


177 


i8-2 


i8-6 


9-80 


11*9 


123 


127 


I3-X 


136 


14-1 


14-6 


15*2 


15-9 


i6-2 


i6-6 


17-0 


17*4 


17-8 


18-3 


lO'O 


117 


I2'0 


12-4 


12-9 


13*3 


13-8 


14-4 


14-9 


15-6 


15-9 


16-3 


167 


I7-I 


17-5 


17-9 


II'O 


IO-6 


II-O 


II-3 


117 


I2-I 


12-6 


13-1 


13-6 


14-2 


14-6 


14-9 


15-2 


15-6 


i6'o 


i6-4 


I2-0 


9-8 


lO-I 


10-4 


IO-8 


11*2 


11-6 


12-0 


12-5 


13-1 


13-4 


137 


14-0 


14-4 


147 


15-1 


13-0 


90 


93 


9-6 


lO'O 


IO-3 


107 


II'I 


n-6 


I2-I 


12-4 


127 


13-0 


13*3 


13-6 


14-0 


140 


8-4 


87 


8-9 


9*3 


9-6 


lO'O 


10-4 


IO-8 


II-3 


II-5 


n-8 


12*1 


12*4 


127 


13-0 


i6*o 


7-3 


7-6 


7-8 


8-1 


8-4 


87 


9-1 


9*5 


9*9 


lO'I 


10-4 


IO-6 


iO'9 


ii'i 


II-4 


i8-o 


6-5 


67 


7'o 


7-2 


7*5 


7-8 


8-1 


8-4 


8-8 


9-0 


9*2 


?'^ 


97 


9*9 


10*2 


20*0 


5*9 


6-1 


6-3 


6-5 


67 


7-0 


7-3 


7-6 


7.9 


8-1 


8-3 


8-5 


87 


9-0 


9-2 


22*0 


5*4 


5-5 


57 


5*9 


6-1 


6-4 


6-6 


6-9 


7-2 


7*4 


7-6 


7-8 


7-9 


8-2 


8-4 


240 


4*9 


5-1 


5*2 


5-4 


5-6 


5-8 


6-1 


6-3 


6-6 


67 


6-9 


7'i 


7*3 


7-5 


77 


26-0 


4-5 


47 


4-8 


yo 


5*2 


5*4 


5-6 


5*9 


6-1 


6-3 


6-4 


6-6 


67 


6-9 


I'i 


28*0 


4*2 


4*4 


4*5 


47 


4-8 


5-0 


5*2 


5-4 


57 


5-8 


6-0 


6-1 


6-3 


6-4 


6-6 


30-0 


39 


4*1 


4*2 


4*3 


4-5 


47 


4*9 


5*1 


5-3 


5*4 


5-6 


57 


5-8 


6-0 


6*2 


40*0 


3-0 


3-0 


3-2 


3-3 


3-4 


3*5 


37 


3-8 


4-0 


4*1 


4-2 


4*3 


4*4 


4'5 


4-6 


50*0 


2-4 


2-4 


2-5 


2-6 


27 


2-8 


2-9 


3-1 


3*2 


3-3 


3-3 


3'4 


3-5 


3-6 


37 


70*0 


17 


17 


1-8 


1-9 


1-9 


2"0 


2*1 


2*2 


2-3 


2-3 


2-4 


2-5 


2-5 


2-6 


2-6 


lOO'O 


1*2 


1*2 


I '3 


1*3 


1*4 


1*4 


1*5 


1*5 


1-6 


1-6 


17 


17 


1*8 


1-8 


1-9 


aoo'o 


0-6 


06 


0-6 


07 


07 


07 


07 


0-8 


0-8 


o'8 


0-8 


0*9 


0-9 


0-9 


09 


400'0 


0-3 


o'3 


0-3 


0-3 


0-3 


0-4 


0-4 


0-4 


0-4 


0-4 


0-4 


0-4 


0-4 


0-5 


0-5 


8oo'o 


O'l 


0-2 


0*2 


0»2 


0*2 


©•2 


0*2 


0*2 


0*2 


0*2 


0'2 


0'2 


0'2 


0*2 


0-2 
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Table 0. 

AZIMUTHS CORRESPONDING TO THE A AND B CORRECTION. 
Azimuth is named N or S according to the name of the A and B correction. 





liATITUDBB. 1 


AftndB 
Cocw 

xwkkm. 




TT 


740 


w 


W 


TP 


TT 


ir 


¥P 


•!• 


W 1 8S» 


M4« 


84° 


Mf 


Jd 




ArafUTHS. 1 


t 









































8-0 


231 


24-4 


25-8 27-3 


291 


310 


33-2 


357 


38-6 


41-9 


457 


47-8 


501 


52-5 


55-1 


8-2 


22-6 


23-9 


25-2 268 


28-5 


304 


32-6 


35-1 


379 


41-2 


450 


47-1 


49-4 


51-8 


^'i 


8-4 


22*2 


234 


247 


26-2 


27-9 


298 


32-0 


34-4 


37*3 


40-5 


443 


46-4 


48-7 


51-2 


53-8 


8-6 


217 


229 


242 


257 


27-3 


292 


31-4 


33-8 


36-6 


39*9 


437 


45-8 


48-0 


50-5 


531 


8-8 


21*2 


224 


237 


252 


268 


287 


308 


33*2 


36-0 


392 


430 


45*1 


47-4 


49*9 


525 


90 


208 


22*0 


232 


247 


26-3 


28-1 


302 


32-6 


35'4 


386 


424 


44-5 


46-7 


49-2 


519 


92 


204 


21-5 


22-8 


242 


258 


276 


297 


320 


34-8 


380 


417 


43-8 


46-1 


48-6 


51-3 


9*4 


200 


2I-I 


22-3 


237 


253 


27- 1 


29- 1 


31-5 


34-2 


374 


4I-I 


43*2 


45*5 


480 


50-7 


9-6 


19-6 


207 


2igr 


233 


24-8 


26-6 


286 


310 


337 


368 


405 


42-6 


44*9 


47*4 


501 


9-8 


19-2 


203 


21-5 


22-9 


24*4 


26- 1 


28-1 


30-4 


33-1 


362 


399 


42-0 


44*3 


46-8 


49*5 


lO-O 


i8'9 


199 


2I-I 


22-5 


240 


257 


277 


29-9 


32-6 


357 


394 


41-5 


437 


46*2 


48-9 


IO'2 


i8-5 


19*6 


20-7 


22*1 


235 


25-2 


27-2 


294 


321 


35-2 


388 


409 


43-2 


45-6 


484 


10*4 


i8-2 


192 


204 


217 


231 


248 


26-7 


290 


316 


34-6 


38-3 


403 


42-6 


45- 1 


47-8 


IO-6 


17-9 


18-9 


20'I 


21-3 


22-8 


24-4 


26-3 


285 


31*1 


34*1 


377 


39-8 


42-1 


44*5 


47-3 


IO-8 


176 


i8-6 


197 


20'9 


22-4 


24*0 


25-9 


28-1 


30-6 


33-6 


37-2 


39*3 


41-5 


440 


46-7 


II-O 


17*3 


183 


19-4 


20-6 


'220 


23-6 


255 


27-6 


302 


332 


367 


388 


410 


435 


46-2 


II-2 


17-0 


17-9 


190 


20-3 


21-6 


232 


251 


27-2 


297 


327 


362 


383 


40-5 


430 


457 


11*4 


167 


177 


18-7 


199 


21-3 


22*9 


247 


26-8 


293 


32-2 


357 


37-8 


400 


425 


45-2 


II-6 


164 


17-4 


i8-4 


196 


2I-0 


22-5 


24-3 


26-4 


28-9 


31-8 


35*3 


37-3 


395 


420 


447 


II-8 


162 


171 


181 


193 


20-6 


22-2 


239 


260 


28-4 


31-3 


34-8 


368 


390 


41-5 


44-2 


12-0 


15-9 


i6-8 


178 


19-0 


20-3 


21-8 


23-6 


256 


28-0 


309 


34*4 


36-4 


386 


41-0 


437 


12-2 


157 


166 


176 


187 


200 


21-5 


232 


25*3 


277 


305 


339 


359 


38-1 


40-5 


43*2 


12*4 


15*4 


i6-3 


17-3 


18-4 


197 


21*2 


22*9 


24-9 


273 


301 


335 


35*5 


377 


401 


42-8 


12-6 


152 


161 


170 


182 


19-4 


209 


22*6 


24-6 


26-9 


297 


331 


350 


37-2 


396 


42-3 


12-8 


150 


15-8 


168 


17-9 


19-2 


20-6 


223 


242 


26-5 


293 


32-7 


34-6 


368 


39-2 


41-9 


13*0 


147 


15-6 


166 


176 


18-9 


20'3 


220 


239 


262 


289 


323 


34-2 


363 


387 


41-4 


132 


145 


154 


16-3 


17-4 


i8-6 


200 


21-7 


23*6 


258 


286 


31-9 


33-8 


35:9 


383 


410 


I3'4 


143 


15-1 


16-1 


17-1 


18-4 


197 


21-4 


23*3 


255 


28-2 


31-5 


33'4 


35*5 


37*9 


40-6 


13-6 


141 


14-9 


15-9 


16-9 


i8-i 


195 


21-1 


22-9 


252 


278 


3I-I 


330 


351 


37*5 


402 


13-8 


139 


147 


15-6 


167 


17-9 


192 


20'8 


227 


249 


27-5 


307 


326 


347 


37*1 


397 


14-0 


137 


14*5 


15-4 


i6-5 


17-6 


19-0 


20-5 


22-4 


24-5 


27-2 


304 


323 


343 


36-7 


39*3 


14-2 


135 


14*3 


15-2 


i6-2 


17-4 


187 


20-3 


22-1 


242 


268 


300 


31*9 


340 


363 


389 


14*4 


13-4 


14-1 


150 


160 


17-2 


18-5 


20-0 


21-8 


239 


26-5 


29-7 


31*5 


33-6 


35*9 


385 


14-6 


13-2 


140 


14-8 


15-8 


169 


i8-2 


197 


21-5 


23-6 


262 


293 


31-2 


33*2 


35-6 


3^1 


14-8 


130 


138 


146 


15-6 


16-7 


180 


19-5 


21-3 


234 


259 


29-0 


30*8 


329 


35*2 


37-8 


150 


12-8 


136 


144 


15-4 


i6-5 


17-8 


X9-3 


210 


231 


256 


28-7 


305 


325 


34-8 


37'4 


15*2 


127 


134 


14-3 


15-2 


16-3 


17-6 


190 


20*8 


22-8 


253 


28-4 


302 


322 


34*5 


370 


15-4 


12-5 


13-3 


14-1 


150 


161 


17-3 


i8-8 


205 


22-5 


250 


28-0 


298 


31-8 


341 


367 


15-6 


124 


131 


13-9 


i4-e 


159 


17-1 


18-6 


203 


223 


247 


277 


29-5 


31-5 


33-8 


363 


15-8 


12*2 


129 


137 


147 


157 


16-9 


i8-4 


20-0 


22-0 


24*5 


27-4 


29-2 


31-2 


334 


360 


160 


I2-I 


12-8 


13-6 


I4'5 


15*5 


167 


i8-i 


19-8 


21-8 


24-2 


27-2 


289 


309 


33'f 


35-6 


162 


II-9 


12-6 


13*4 


14-3 


15-3 


i6-5 


17-9 


19-6 


215 


239 


269 


286 


306 


32-8 


35*3 


164 


II-8 


12-5 


133 


14-1 


15-2 


16-3 


177 


I9'3 


203 


237 


266 


283 


303 


325 


350 


i6-6 


II-6 


123 


131 


140 


150 


16-2 


17-5 


191 


211 


234 


26- 3 


28-0 


300 


322 


347 


i6-8 


II-5 


12-2 


130 


138 


14-8 


160 


17-3 


18-9 


20-8 


232 


26-0 


277 


297 


31-8 


34*3 


17-0 


II-4 


I2-0 


12-8 


137 


147 


158 


171 


i8-7 


20-6 


229 


258 


27-5 


294 


315 


340 


17-2 


11*2 


11-9 


127 


135 


W5 


156 


i6'9 


i8-5 


204 


22-7 


255 


272 


29-1 


31-2 


337 


17-4 


II-I 


II-8 


12-5 


13-4 


143 


15*5 


168 


i8-3 


20-2 


224 


25-2 


269 


288 


309 


33*4 


17-6 


II-O 


11-6 


12-4 


132 


14-2 


15-3 


i6-6 


i8-i 


200 


22*2 


25-0 


267 


28-5 


307 


33-1 


17-8 


10*9 


11-5 


12*2 


13-1 


14*0 


15-1 


i6-4 


17-9 


19-8 


220 


247 


26-4 


28-3 


304 


32-8 


180 


10-8 


11-4 


I2-I 


12-9 


139 


15-0 


162 


177 


196 


21-8 


24-5 


261 


280 


301 


32-5 


i8-2 


IO-6 


II-3 


12-0 


12-8 


137 


14-8 


161 


176 


19-4 


21-5 


24*3 


259 


277 


29-8 


322 


i8-4 


10-5 


11*2 


II-9 


127 


136 


14-6 


159 


17-4 


192 


21-3 


240 


256 


27-5 


29-6 


319 


186 


IO-4 


II-O 


117 


12-5 


13-4 


14-5 


157 


17-2 


190 


2I-I 


23-8 


254 


272 


293 


317 


i8-8 


IO-3 


10-9 


II-6 


12-4 


133 


14*3 


156 


17-0 


i8-8 


209 


23-6 


252 


27-0 


29-0 


31-4 
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Table O. 

AZIMUTHS CORRESPONDING TO THE A AND B CORRECTION 
Azimuth is named N or S according to the name of the A and B correction. 
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19-0 


IO*2 


10*8 


II-5 


12-3 


13-2 


14-2 


15-4 


16-9 


i8-6 


207 


23*4 


24-9 


267 


28*8 


3I-I 


19*2 


lO-I 


107 


II-4 


I2-I 


13-0 


14-1 


15-3 


i6-7 


i8-4 


20-5 


23-1 


247 


26-5 


28-5 


30-9 


19-4 


lO'O 


10*6 


"•3 


12-0 


12-9 


13-9 


i5-i 


16-5 


i8-2 


20-3 


22-9 


24-5 


26-2 


28-3 


30-6 


19*6 


9.9 


IO-5 


II'2 


II-9 


12-8 


13-8 


I5-0 


i6-4 


i8-i 


20'I 


22-7 


243 


26*0 


28*0 


30-3 


19*8 


9-8 


IO-4 


II'O 


n-8 


127 


13-7 


14-8 


i6-2 


17-9 


19-9 


22-5 


24-0 


25-8 


27-8 


30-1 


20'0 


9-7 


IO-3 


io*9 


117 


I2'5 


13-5 


147 


i6-i 


177 


19*8 


22-3 


23-8 


25-6 


27-5 


29-8 


21 'O 


?1 


9-8 


IO-4 


II'I 


I2-0 


12-9 


14-0 


15-3 


i6'9 


i8'9 


21-3 


22-8 


24-5 


26-4 


28-7 


22*0 


8-8 


9-4 


lo-o 


IO-6 


II-4 


12-3 


13-4 


147 


16-2 


i8-i 


20-5 


21-9 


23*5 


25*4 


27-5 


2yo 


8-5 


9.0 


9-5 


10-2 


io'9 


n-8 


12-8 


14-1 


15*5 


17-3 


19-6 


21*0 


22-6 


24-4 


26-5 


24-0 


8-1 


8-6 


9-1 


9-8 


10-5 


II-3 


12-3 


13*5 


14-9 


16-7 


18-9 


20-2 


217 


23*5 


25»6 


250 


7-8 


8-3 


8-8 


9-4 


lo-i 


io'9 


II-8 


13-0 


14-3 


i6-o 


i8-2 


19-5 


20*9 


22-6 


247 


26*0 


7'5 


7-9 


S'5 


9-0 


97 


IO-5 


n-4 


12-5 


13-8 


15-4 


17-5 


i8*8 


20*2 


21-9 


23-8 


27-0 


7-2 


77 


8-1 


?*7 


9*3 


lO'I 


ii-o 


12-0 


13-3 


14-9 


i6'9 


i8-i 


19-5 


2I»I 


23'0 


28-0 


7-0 


7*4 


7.9 


8-4 


9-0 


97 


IO-6 


II-6 


12-9 


14-4 


16-3 


17-5 


i8'9 


20-4 


22-3 


29'0 


6-7 


7-1 


7-6 


8-1 


87 


9-4 


IO-2 


11-2 


12-4 


13*9 


15-8 


16-9 


18-3 


19*8 


21*6 


30-0 


6-5 


6-9 


7-3 


7-8 


8-4 


9-1 


9.9 


10-9 


12-0 


13-5 


15-3 


16-4 


177 


19-2 


20-9 


31-0 


6-3 


6-7 


7-1 


7-6 


8-2 


8-8 


9-6 


10-5 


II-7 


13-0 


14-8 


15-9 


17*2 


i8-6 


20-3 


32*0 


6-1 


6-5 


6-9 


7*4 


7.9 


8-5 


9-3 


10-2 


II-3 


127 


14-4 


15-4 


i6-6 


i8-i 


197 


33-0 


5-9 


6-3 


67 


7-1 


77 


8-3 


9-0 


9.9 


II-O 


12-3 


14-0 


15-0 


i6-2 


17-5 


I9'2 


340 


57 


6-1 


6-5 


6-9 


7-4 


8-1 


8-8 


9-6 


10-6 


11-9 


13-6 


14-6 


157 


17-1 


i8-6 


35-0 


5-6 


5*9 


6-3 


67 


7-2 


7-8 


8-5 


9*3 


IO-4 


II-6 


13-2 


14-2 


15-3 


i6-6 


i8-2 


36*0 


5-4 


5-8 


6* I 


6*6 


7-0 


7-6 


8-3 


9-1 


10*1 


"•3 


12-8 


13-8 


14-9 


l6*2 


177 


37 'O 


5*3 


5-6 


6-0 


6-4 


6-9 


7*4 


8-1 


8-8 


9-8 


II'O 


12-5 


13-4 


14-5 


157 


17-2 


38*0 


5*1 


5*5 


5-8 


6-2 


67 


7-2 


7*9 


8-6 


9-5 


10-7 


1 2*2 


13-1 


14-1 


15-4 


16-8 


40-0 


4*9 


5*2 


5*5 


5*9 


6-3 


6-9 


rs 


8-2 


9-1 


10-2 


11*6 


12-5 


13-5 


14-6 


16-0 


420 


47 


4-9 


5-3 


5-6 


6-0 


6-5 


7*£ 


7-8 


87 


97 


II'I 


II-9 


I2'8 


14-0 


15*3 


44-0 


4-4 


47 


5'J 


5-4 


5-8 


6-2 


6-8 


7-5 


8-3 


9-3 


IO-6 


II-4 


12-3 


13-3 


14-6 


46*0 


43 


4-5 


4-8 


5-1 


5-5 


6-0 


6-5 


7-1 


7-9 


8-9 


lO'I 


10-9 


117 


12-8 


14-0 


48-0 


41 


4-3 


4-6 


4-9 


5-3 


57 


6-2 


6-8 


7-6 


8-5 


97 


10-4 


"*l 


12*3 


13-4 


50*0 


3*9 


4-2 


4'4 


47 


yi 


5-5 


6-0 


6-6 


7-3 


8-2 


9*3 


lo-o 


10*8 


11*8 


12*9 


52-0 


3-8 


4-0 


4-2 


4*5 


4-9 


5*3 


5-8 


6-3 


7.0 


7*9 


9-0 


9-6 


10*4 


"•3 


12-4 


54-0 


3-6 


3-8 


4-1 


4-4 


47 


5*1 


5'5 


6-1 


6-8 


7-6 


8-6 


9-3 


lO'O 


I0'9 


I2-0 


56-0 


35 


37 


3-9 


4-2 


4*5 


4-9 


5*3 


5-9 


6-5 


7-3 


8-3 


9-0 


97 


IO-6 


II-6 


58-0 


3*4 


36 


3-8 


4*1 


4*4 


47 


5-2 


57 


6-3 


7-1 


8-1 


!*7 


9*4 


10-2 


II-2 


6o*o 


33 


3-5 


37 


3-9 


4*2 


4-6 


5-0 


5-5 


6-1 


6-8 


7-8 


8-4 


9-1 


9*9 


10-8 


62*0 


3-2 


3-3 


3-6 


3-8 


4-1 


4*4 


4-8 


5-3 


5*9 


6-6 


T5 


8'i 


8-8 


9-6 


IO-5 


64*0 


3-1 


3-2 


3*5 


37 


4'0 


4*3 


47 


5-1 


57 


6-4 


7*3 


7.9 


?*5 


9-3 


10-2 


66-0 


3-0 


31 


3*4 


3-6 


3-9 


4-2 


4-5 


5-0 


5-5 


6-2 


7*1 


7-6 


8-2 


9-0 


9-9 


68-0 


2-9 


3-1 


3'3 


3-5 


37 


4-0 


4*4 


4-8 


5*4 


6-0 


6-9 


7*4 


8-0 


f7 


9-6 


70-0 


2-8 


30 


3-2 


3*4 


3-6 


3.9 


4*3 


47 


5-2 


5*9 


67 


7-2 


7-8 


8-5 


9-3 


8o*o 


2-4 


2-6 


2-8 


3*o 


3-2 


3*4 


37 


4*1 


4-6 


5*1 


5-9 


6-3 


6-8 


Vi 


8-2 


go'o 


2*2 


2-3 


2-5 


2-6 


2-8 


3-1 


3'3 


37 


4-1 


4-6 


5-2 


5-6 


6'i 


6-6 


7-3 


loo-o 


2-0 


2-1 


2'2 


2-4 


2-5 


2-8 


30 


3-3 


37 


4*1 


47 


5-0 


5-5 


6-0 


6-5 


I20*0 


1-6 


17 


1-8 


2'0 


2*1 


2-3 


2-5 


27 


3-0 


3-4 


3*9 


4-2 


4-6 


5-0 


5*5 


140*0 


1*4 


1*5 


1-6 


17 


1-8 


2-0 


2-1 


2-4 


2-6 


2-9 


3-4 


3-6 


3-9 


4*3 


47 


i6o-o 


1*2 


1*3 


1*4 


1-5 


1-6 


17 


1-9 


2-1 


2-3 


2-6 


2-9 


3-2 


3*4 


37 


4*1 


i8o-o 


i-i 


1*2 


1*2 


1-3 


i'4 


1-5 


17 


1-8 


2-0 


2-3 


2-6 


2-8 


3-0 


3-3 


3-6 


200'0 


i-o 


I'O 


I-I 


1-2 


1*3 


i'4 


1-5 


1-6 


1-8 


2-1 


2-3 


2-5 


2.7 


3-0 


3-3 


300-0 


07 


07 


07 


0-8 


0-8 


0-9 


i-o 


i-i 


1*2 


1*4 


1-6 


17 


1-8 


2-0 


2-2 


400-0 


0-5 


05 


0-6 


0-6 


0-6 


07 


0-8 


0-8 


o»9 


I-o 


1-2 


1-3 


1-4 


1*5 


1-6 


500'o 


0-4 


0-4 


0-4 


0-5 


0-5 


0-6 


0-6 


07 


07 


0-8 


09 


I-o 


1*1 


1-2 


1*3 


6oo-o 


0-3 


0-3 


0-4 


0-4 


0-4 


0-5 


0-5 


0-5 


0-6 


0-7 


0-8 


0-8 


0-9 


I-O 


i-i 


700-0 


0-3 


0-3 


0-3 


0-3 


0-4 


0-4 


0-4 


0-5 


0-5 


0-6 


0-7 


0-7 


0-8 


0-9 


0-9 


800-0 


0*2 


0-3 


0-3 


0-3 


0-3 


0-3 


0-4 


0-4 


0-5 


0-5 


0-6 


0-6 


07 


0-7 


0-8 


looo-o 


0*2 


0-2 


0-2 


0*2 


0-3 


0-3 


0-3 


0-3 


0-4 


0-4 


0-5 


0-5 


0-5 


0-6 


0-7 
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Table C*- 

POSITION-LINES CORRESPONDING TO THE A AND B CORRECTION. FOR USK 
WITH THE PLANE-SCALE CHART IN THE SUMNER PROBLEM. 

Name the position-line according to the name of the A and B correctiont and contrary to the 
name of the bearing of the body observed. 
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. 00 
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•45-0 
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1-92 a 


t62-5 


4-2»76-6 
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06 


•26 


146 


•51 


270 


•76 
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I^OI 


453 


1-44 


552 


1-94 


627 


4-4 77-2 


•02 


I'l 


•27 


I5*x 


•52 


27-5 


•77 


37-6 


I 03 


45^6 


1-46 


55-6 


1-96 


63-0 


4-6 777 


•03 


17 


•28 


156 


•53 


279 


78 


380 


103 


45-8 


r48 


56-0 


1-98 


632 


4-8 782 


•04 


2-3 


•29 


i6-2 


•54 


28-4 


79 


383 


104 


46^1 


I'SO 


563 


200 


63-4 


5-0 787 


•05 


2-9 


•30 


167 


•55 


288 


•80 


387 


105 


46-4 


152 


567 


2*05 


64*0 


5^5 79-7 


•o6 


3*4 


31 


172 


56 


29-2 


•81 


390 


ro6 


467 


1-54 


570 


2'IO 


645 


60 80-5 


•07 


4^> 


•32 


177 


•57 


297 


•82 


39-4 


107 


469 


r56 


57-3 


2-15 


651 


6-5 8i-3 


•08 


4-6 


•33 


i8-3 


•58 


30-1 


•83 


39-7 


108 


472 


1^58 


57^7 


2-20 


65-6 


70 819 


•09 


5-1 


•34 


i8-8 


•59 


30-5 


•84 


40*0 


I'lO 


47-7 
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58^0 


2-25 


660 


8-0 82^9 


•10 


5-7 


•35 


193 


•60 


310 


•85 


40-4 


I'I2 


482 
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58-3 


2-30 


66-5 


90 837 
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63 


•36 


19-8 


•61 


31-4 


•86 


407 


I-I4 


487 


164 


586 


240 


67-4 


lo-o 84*3 


'la 


6-8 


•37 


203 


•62 


31-8 


•87 


4x^0 


116 


49*2 


1-66 


589 
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68-2 


n^o 84-8 


•13 
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•38 


208 


•63 


322 


•88 


41^3 


118 


49*7 


1-68 


59-2 


2 -60 


690 


I2-0 85-2 


•14 


80 


•39 


213 


•64 


326 


•89 


417 


I^20 


502 


1-70 


59^5 


2*70 


697 


13^0 85-6 


•15 


8-5 


•40 


21-8 


•65 


330 


•90 


420 


1-22 


507 


r72 


59*8 


280 


70-3 


15^0 86-2 


•16 


91 


•41 


223 


•66 


33-4 


•91 


42-3 


1-24 


5I-I 


174 


6o-i 


2*90 


71-0 


17-0 86-6 


''Z 


9-6 


•4a 


22-8 


•67 


338 


•92 


426 


r26 


51-6 


1-76 


604 


3-00 


71-6 


20-0 87-1 


•18 


10*2 


•43 


233 


68 


34*2 


•93 


429 


128 


52-0 


1-78 


607 


310 


72-1 


2yo 877 


•19 


10*8 


•44 


^3 7 


69 


34-6 


•94 


43'2 


1-30 


52*4 


180 


6o'9 


320 


726 


30-0 88-1 


•ao 


"•3 


45 


242 


70 


350 


95 


43-5 


1-32 


529 


1-82 


6i-2 


3-30 


73-1 


40*0 88-6 


21 


1 1-9 


•46 


247 


71 


35*4 


96 


43-8 


1-34 


53-3 


1-84 


61-5 


3-40 


73-6 


50-0 88-9 


•22 


12-4 


•47 


252 


72 


35-8 


•97 


44^1 


r36 


53^7 


1-86 


617 


360 


74*5 


loo-o 89^4 


•23 


130 


•48 


25-6 


73 


361 


•98 


44*4 


'•38 


541 


r88 


62*0 


3-8o 


75-3 


200-0 897 


•24 


135 


•49 


26-1 


74 


36-5 


•99 


447 


140 


54^5 


190 


622 


400 


76-0 


Infinite 90*0 



It must be borne in mind that this table does not give the true geographical lines of position^ 
but lines of position which will give the same result as to latitude and longitude on a plane chart 
as the true lines of position would give on a Mercator's chart. It is given here for the purpose of 
saving the trouble of getting out a chart. All that is required for plotting the Sumner position 
will be a horizontal line in the work-book representing the D.R. latitude, and a perpendicular line 
to the former for use in laying off the position-lines by a protractor. On the horizontal line set 
off the points of two longitudes at a distance from one another of, say, i in. to 10' of longitude. 
From these two points lay down the Sumner lines, and from the point where they intersect 
draw a perpendicular to the line of D.R. latitudes. The longitude at the point struck by the 
perpendicular is the longitude required, and can be measured from either of the points of 
longitude. The same scale is used for the latitude as for the longitude. 

A small 5 in. boxwood protractor rule with a diagonal scale of inches for measuring to 
j^ part of an inch may be bought for is., and is the only instrument which will be required. 

To find the true position-line from this table consider the A and B correction as a diff. 
long., the dep. correspondmg to this diff. long, will then give the true line of position,, 
and will give the same position—} e., latitude and longitude— on the Mercator chart that the other 
lines of position give on the plane chart. 

Example for true position-line : In lat 47® S. a.m. sun's obsn., when A and B cor. » d. long 

•85' N. dep = -58' N. = true position-line N. 30-1° W. 
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SUMNER PROBLEM FACILITATED BY A, B. AND C« TABLES. 

1898.— On 20th June, a.m., at ship, at sea, and uncertain of my ship's position : when a chrono- 
meter indicated M. T. Green. 19 d. 22 h. 30 m. the true altitude of sun's centre was 52° 9' ; and again 
on same day when chronometer indicated 20 d. oh. 16 m. the true altitude of sun's centre was 
65° 18', the ship having made 23 miles on a true N. 24° £. course during the interval between the 
observations. Required the line of position and true bearing of the sun at time of ist observation, 
and the position of the ship when 2nd observation was taken, assuming D.R. latitude to be 46° N. 
when ist observation was taken. 



1ST Obsn. 

D. H. M. s. 

M.T.Green. 19 22 30 
Eq. of time — i 167 



2ND Obsn. 

D. H. M. S. 

M.T.G. 20 o x6 o 
Eq. of time — i 177 



A.T. Green. 19 22 28 43-3 



Decl. 23° 27; N = P. D. 66° 33' 



52 ^ 
46 o 
6633 

164 42 



H.A, 



S 82 21 

S-A. 30 12 

D. H. M. S. 

2 31 i8-8 



A.T.shipz9 2i 28 41*2 
A.T.G. 1922 28 43*3 

Long, in T. i o 2'i 

Long. i5°o'3i"W 

Rod. d. long. 13 36 E 

Long, (r) 14 46 55 W 

Long, in T. oh 59*0 7-7b 



Sec 0158229 
Cosec 0*037438 



Cos 
Sin 



9*124248 
9*701585 



Dl. 



23i°N 



A.T. Green. o 14 42*3 
Long. (I) - o 59 77 W 
A. T. ship 19 23 15 34*6 



Run N 24 E 23 = 21 N 9*4 E = 13*6 d. long. 



Lat. (I) 46 o N 



Lat. D. R. 46 21 N at time of 2nd obsn. 



H.A. 
Decl. 



Arc (I) 



oh. 44m. 25*4S. 
23° 27' N 

23° 50' 53" N 



Cos 9*99x788 
Cot 0*362735 

Cot 0*354523 



Cosec 0*400173 
Sin 9*606716 
Sin 9*958329 



Arc (a) 




Sin* 9*021500 

H.A. 2h. 32 m. 
Lat. 46' N 



Latitude 46°28'jo*N, and Poan.-line N 72° E 



A 1-33 S 
B 071 N 



C 0*62 S gives Az. S 66*7 E 



C2 gives Posn.-line for plane chart N 31*8 E 
Lat 46P21' N and Posn.-line N 32° E 

Position from chart.— Lat. 46 30*3 N 
Long. 14 41*2 W 



H.A. 
Lat. 


oh. 44m. 

46° N 


A 5-338 
. B'2-i8N 


Dl. 


23i°N ) C2 3-05Sgivea 
PosnT-line N. 72" E 



Sun's Az. S 667 E 

Line of Posn. N 23*3 E 



4-Az. 
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Showing tub Error producsd in 



Table D. X 
THB Tims or LoNOiruDB by an Error op 
Altitudb. 



LtA. 


AZIMUTHS. 




mp 


«• 


m» 


•!• 


ar 


ar 


84P 


W» 


IT 


«• 


¥P 


W» 


np 


rr 


Tf 






s. 


s. 


s. 


8. 


s. 


8. 


8. 


s. 


8. 


8. 


8. 


8. 


s. 


s. 


S. 






4-00 


4-00 


400 


4-OI 


4'Oi 


402 


4-02 


4*03 


404 


4*05 


4-o6 


4*07 


4-09 


4-IO 


4-12 






4-00 


4-00 


4-00 


4*01 


4-OI 


4*02 


402 


4*03 


4*04 


405 


406 


4-o8 


4*09 


4-II 


4-12 






4-00 


4-00 


4-00 


4*01 


4-01 


4-02 


4-02 


4*03 


4-04 


4*05 


406 


4-o8 


4*09 


4-1! 


4-12 






4.01 


4-OI 


4-01 


4-01 


402 


4-02 


4-03 


4*04 


4*04 


4*06 


4-07 


408 


409 


4-II 


4*13 






4-OI 


4-OI 


4-OI 


4-02 


4-02 


4-03 


4-03 


404 


4*05 


4-06 


4-07 


4-o8 


4*10 


4-12 


4*13 






4-OI 


4-02 


402 


4-02 


4*03 


4*03 


4*04 


4*05 


4*05 


407 


4-o8 


4*09 


4-IO 


4-12 


4 14 




6 


4-02 


4-02 


4-02 


4-03 


4*03 


4-04 


4-04 


4*05 


406 


4-07 


4-08 


4-IO 


4-II 


4*13 


4*15 




7 


4-03 


4*03 


403 


4-04 


4-04 


405 


4*05 


4-06 


4*07 


408 


4*09 


4-II 


4-12 


4-14 


4*15 




8 


4-04 


404 


4-04 


4-04 


405 


4*05 


406 


4-07 


4-o8 


4-09 


4-IO 


4-II 


4*13 


4*15 


4-i6 




9 


4-05 


4-05 


4-05 


406 


4-o6 


4-07 


4*07 


4-o8 


4*09 


4-IO 


4-II 


4*13 


4*14 


4-i6 


4*17 




ID 


4-06 


4-o6 


406 


407 


4*07 


4-o8 


4-08 


4*09 


4-IQ 


4*11 


4-12 


4*14 


4*15 


4-17 


4-19 




II 


4-07 


4-o8 


4-08 


4-o8 


4-o8 


4*09 


4-IO 


4-II 


4-II 


4*13 


4*M 


4*15 


4-17 


4*i8 


4-20 




12 


409 


4-09 


409 


409 


4-10 


4-IO 


4-II 


4-12 


4-13 


4*14 


4*15 


4*17 


4-i8 


4-20 


4-21 




13 


4-IO 


4-II 


4-n 


4-II 


412 


4-12 


4*13 


4*14 


4*15 


416 


4*17 


4-i8 


4-20 


4-21 


4-23 




14 


4-12 


4-12 


4-12 


4-13 


4*13 


4*M 


4*15 


4*15 


4-i6 


4*17 


4*19 


4-20 


4-21 


4*23 


4*25 




15 


4-14 


4-14 


4-14 


4-15 


4*15 


4-16 


4-16 


4*17 


4-i8 


419 


4-20 


4*22 


423 


4*25 


4-27 




i6 


4-16 


4-16 


4-16 


4-17 


4-17 


4-i8 


4-i8 


4-19 


4-20 


4-21 


4*23 


4*24 


4*25 


4*27 


4*29 




17 


4-i8 


4-i8 


4-19 


4-19 


4-19 


4-20 


4-21 


4-21 


4*22 


4*23 


4*25 


4-26 


4-28 


4*29 


4*31 




i8 


4-21 


4-21 


4-21 


4-21 


4-22 


4-22 


4*23 


4*24 


4-25 


4*26 


4*27 


428 


430 


4*32 


4*33 




19 


4-23 


4-23 


4-23 


4-24 


4-24 


4*25 


4*25 


4-26 


4*27 


4-28 


4*30 


4*31 


432 


4*34 


4*36 




20 


4-26 


4-26 


4-26 


4-26 


4-27 


4*27 


4-28 


4*29 


4*30 


4*31 


4*32 


4*34 


4*35 


4*37 


4;39 




21 


4-28 


4-29 


4-29 


4-29 


4*30 


4*30 


4*31 


4*32 


4*33 


434 


^'35 


4-36 


4-38 


4*40 


4-42 




22 


4*3» 


4-31 


4*32 


4-32 


4*32 


4*33 


4*34 


4*35 


4*36 


4*37 


4*38 


4*39 


4*41 


4*43 


'^'^l 




23 


4'34 


4*35 


4-35 


4*35 


4*36 


436 


4*37 


4*38 


4*39 


4-40 


4*41 


4*43 


4*44 


4*46 


4-48 




24 


4-38 


4-38 


4-38 


4-38 


4*39 


4*40 


440 


4*41 


4-42 


4*43 


4*45 


4*46 


4*48 


4*49 


4*51 




25 


4-41 


4-41 


4-42 


4-42 


4*42 


4*43 


4*44 


4*45 


446 


4*47 


4*4.8 


4*50 


4*51 


4*53 


4*55 




26 


4-45 


4-45 


4*45 


4-46 


4*46 


4*47 


4*47 


4*48 


4*49 


4*51 


4*52 


4*53 


4*55 


4*57 


4*59 




27 


4*49 


4*49 


4'49 


4-49 


4*50 


4*51 


4*51 


4-52 


4*53 


4*55 


4*56 


4*57 


4*59 


4-6i 


463 




28 


4*53 


4*53 


4*53 


4*54 


4*54 


4*55 


4*55 


4-56 


4*57 


4*59 


4-6o 


4-62 


4*63 


4-65 


4-67 




29 


4'57 


4*57 


4-58 


4-58 


4*58 


4*59 


4-60 


4-6i 


4-62 


463 


4-64 


4-66 


4-68 


4-69 


4*71 




30 


4-62 


4-62 


4-62 


463 


4*63 


4-64 


4-64 


4-65 


4-66 


4-68 


4-69 


471 


4*72 


4*74 


476 




31 


4-67 


4-67 


4-67 


4-67 


4-68 


4-68 


4*69 


470 


471 


4*72 


474 


4*75 


4*77 


4*79 


4-8i 




32 


472 


472 


472 


472 


473 


4*73 


4*74 


4*75 


476 


478 


4*79 


^1? 


^1S 


4*84 


4-86 




33 


4*77 


477 


477 


478 


478 


4*79 


480 


4-81 


^'2? 


4-83 


4*84 


4-86 


4-88 


4*89 


4*92 




34 


4-82 


4-82 


4-83 


4-83 


•4*84 


4-84 


4*85 


4-86 


4-87 


4*89 


4*90 


4*92 


4*93 


4*95 


4*97 




35 


4-88 


4-88 


4-89 


4-89 


4*90 


4-90 


4-91 


4*92 


4*93 


4*94 


4*96 


4*97 


4*99 


5*01 


5*03 




36 


4*94 


4*95 


4'95 


4*95 


4*96 


4*96 


4*97 


4*98 


4*99 


5-01 


5-02 


5*04 


5*05 


5*07 


5-10 




37 


5-OI 


5*oi 


5*01 


5-02 


5*02 


5*03 


5*04 


5*05 


5-o6 


5*07 


5*09 


5-IO 


512 


5*14 


5-i6 




38 


5-o8 


5-o8 


5-o8 


5-08 


5*09 


5-10 


5-IO 


5*11 


5*13 


5*14 


5*15 


5*17 


5*19 


5'2I 


5-23 




39 


5-15 


5*15 


5-15 


5-15 


5-i6 


5*17 


5*18 


5-18 


5*20 


5-21 


5*23 


5*24 


5'26 


•^•28 


5*30 




40 


5*22 


5-22 


5-22 


5*23 


5*23 


5*24 


5*25 


5-26 


5-27 


5*29 


5*30 


5-32 


5*34 


5*36 


5*38 




41 


5-30 


5*30 


5-30 


5-31 


5*31 


5*32 


533 


5*34 


5*35 


5*37 


5*38 


5*40 


5*42 


544 


5*46 




42 


5-38 


5-38 


5-39 


5*39 


5*40 


5-40 


5*41 


5-42 


5*44 


5*45 


5*47 


5*48 


5*50 


552 


5-55 




43 


5*47 


5*47 


5'47 


5-48 


5-48 


5*49 


5*50 


5*51 


5*52 


5*54 


5*55 


5*57 


5*59 


5*6i 


5-64 




44 


5-56 


5-56 


5-56 


5*57 


5*57 


5-58 


5*59 


5-60 


5-62 


5-63 


5*65 


5-66 


5-68 


571 


573 




45 


5-66 


5-66 


5-66 


5-66 


5*67 


5-68 


5*69 


570 


571 


5*73 


5*74 


576 


5*78 


5-8i 


5*83 




46 


576 


576 


576 


577 


5*77 


578 


5*79 


5-8o 


5-8i 


5*83 


5-85 


5*87 


5*89 


5-91 


5-93 




47 


5-87 


5-87 


587 


5-87 


5-88 


5*89 


5-90 


5-91 


5*92 


5*94 


5-96 


5*97 


6'oo 


6*02 

6-14 


6*04 
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5-98 


5-98 


5-98 


5*99 


5*99 


6'00 


6-OI 


6-02 


6*04 


6*05 


6*07 


6*09 


6-II 


6*i6 




49 


6*10 


6'io 


6*10 


6-II 


6-II 


6-12 


6-13 


6-14 


6-i6 


617 


6-19 


6-21 


623 


6'26 


6-28 
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6-22 


6-22 


6-23 


6*23 


6-24 


6*25 


6-26 


6-27 


6-28 


6-30 


6-32 


6*34 


6-36 


6-39 


6-41 
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6-36 


6-36 


6-36 


6-36 


6-37 


6-38 


6-39 


6*40 


6-42 


6-44 


6-45 


6-48 


6-50 


6-52 


6-55 




52 


6'50 


6-50 


6-50 


6-51 


6-51 


6-52 


6-53 


6-55 


6-56 


6-58 


6-6o 


6-62 


6-64 


6-67 


670 




53 


6-65 


6-65 


6-65 


6-66 


6-66 


6-67 


6-68 


670 


671 


673 


675 


677 


6-8o 


6*82 


6-85 
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6-8i 


6-8i 


6-8i 


6-8i 


6-82 


6-83 


6-84 


6-86 


6-87 


6-89 


6-91 


6-93 


6-96 


6*98 


7-OI 




55 


6-97 


6-97 


6-98 


6-98 


6-99 


7»oo 


7-OI 


7*03 


7*04 


7'o6 


7-o8 


7'io 


7*13 


7-i6 


7*19 




56 


7*15 


7'i5 


7*i6 


7*i6 


7-17 


7-i8 


7*19 


7-21 


7-22 


7*24 


7-26 


7-29 


7*31 


7*34 


7*37 




57 


7'34 


7*35 


7'35 


7*35 


7*36 


7*37 


7*38 


7*40 


7*42 


7*44 


'^'ii 


748 


7-51 


7*54 


7*57 
7*78 




58 


7'55 


7*55 


7*55 


7*56 


7*57 


7*58 


7*59 


7-61 


7*62 


7-64 


7-66 


7-69 


7*72 


7*75 




59 


777 


777 


777 


778 


7*79 


7'8o 


7-81 


7-82 


7*84 


7*86 


7*89 


7*91 


7*94 


7*97 


8'oo 
8-24 




60 


8-0O 


8-00 


8-00 


8-OI 


8-02 


8-03 


8-04 


8-o6 


8-o8 


8' ID 


8-12 


8-15 


8'i8 


8*21 





To convert time into longitude divide by 4. Thus 8-oos. ■*• 4 — 2' long 
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Table D. 
Showing ti& Eiuior producbd in tz^b Timb or Longztuob by an Error of i' in thb 

Altitude. 



Lat. 


AZIMUTHS. 1 


W 


?*• 


78» 


71» 


n" 


70» 


ar 


er 


•r» 


ar 


9SP 


640 


««• 


62» 


«l« 


o 


s. 


s. 


S. 


s. 


s. 


8. 


8. 


8. 


s. ■ 


s. 


S. 


S. 


s. . 


S. 


s. 


o 


4-14 


4-i6 


4-18 


4-21 


4-23 


4-26 


4-28 


4-31 


4*35 


4-38 


4-41 


4*45 


4'49 


4-53 


4*57 


I 


4-14 


4-16 


4-l8 


4-21 


4-23 


4*26 


4-29 


4-31 


4*35 


4-38 


4-41 


4*45 


4'49 


4*53 


4*57 


2 


4-14 


4-i6 


4-19 


4-21 


4-23 


4-26 


4-29 


432 


4*35 


4-38 


4-42 


.4*45 


4*49 


4*53 


4*58 


3 


4-15 


4-17 


4-19 


4-21 


4-24 


4*26 


4*29 


4-32 


4*35 


4-38 


4-42 


4-46 


4-50 


4*54 


4*58 


4 


4*15 


4-17 


4-19 


4*22 


4-24 


4-27 


4-30 


4-32 


4-36 


4-39 


4-42 


4-46 


4-50 


4*54 


4*58 


5 


4-16 


4-i8 


4-20 


4-22 


4-25 


4-27 


4-30 


4'33 


4-36 


4*40 


4*43 


4*47 


4'5i 


4*55 


4*59 


6 


4-16 


4-i8 


4-21 


423 


4-25 


4-28 


4*31 


4*34 


4*37 


4-40 


4'44 


4*47 


4-51 


4-56 


460 


7 


4-17 


4-19 


4-21 


4-24 


4-26 


4-29 


4-32 


4*35 


4-38 


4-41 


4*45 


4-48 


4-52 


4-56 


4-6i 


8 


4-i8 


4-20 


422 


4-25 


4-27 


4-30 


4*33 


4-36 


4*39 


442 


4-46 


4-49 


4*53 


4*57 


4-62 


9 


4-19 


4-21 


4-23 


4-26 


4-28 


4-31 


4*34 


4-37 


4-40 


4*43 


4*47 


4-51 


4*55 


4*59 


463 


ID 


4-20 


4-23 


4-25 


4-27 


.4-30 


4-32 


4-35 


4-38 


4-41 


4*45 


4-48 


4-52 


4-56 


4-60 


4-64 


II 


4*22 


4-24 


4-26 


4-28 


4*31 


4*34 


4-36 


4*39 


4*43 


4-46 


4*50 


4*53 


4*57 


4-62 


4-66 


12 


4-23 


4*25 


•4-28 


4-30 


4-32 


4-35 


4-38 


4-41 


4*44 


4-48 


4-51 


4*55 


4*59 


4*63 


4-68 


13 


4-25 


4-27 


4-29 


4'32 


4-34 


4*37 


4-40 


4*43 


4-46 


4*49 


4-53 


4*57 


4-6i 


4-65 


4-69 


14 


4-27 


4-29 


4-31 


4-33 


4-36 


4*39 


4-42 


4*45 


4-48 


4*51 


4*55 


4*59 


4-63 


4*67 


471 


15 


4-29 


4-31 


4*33 


4-35 


4-38 


4-41 


4*44 


4*47 


4-50 


4-53 


4*57 


4-61 


4-65 


4*69 


4*73 


i6 


4-31 


4*33 


4-35 


4-38 


4-40 


4-43 


4-46 


4-49 


4-52 


4-56 


4-59 


4-63 


4-67 


471 


476 


17 


4-33 


^'35 


4-37 


4-40 


4-42 


4-45 


4-48 


4-51 


4-54 


4-58 


4-62 


4-65 


4-69 


4*74 


478 


i8 


4-35 


4-38 


4-40 


4-42 


4*45 


4-48 


4-51 


4-54 


4-57 


4.60 


464 


4-68 


472 


4*76 


4-8i 


19 


4-38 


4-40 


4*42 


^'^5 


4-47 


4-50 


4-53 


4-56 


4-60 


4-63 


4-67 


471 


475 


4*79 


4-84 


20 


4-41 


4'43 


4*45 


4-48 


4-50 


4*53 


4-56 


4*59 


4-62 


4-66 


470 


474 


478 


4-82 


4*87 


21 


4-44 


4-46 


4-48 


4*51 


4*53 


4-56 


4-59 


462 


4-65 


4-69 


473 


477 


4-81 


4-85 


4*90 


22 


4-47 


4*49 


4-51 


4-54 


4-56 


4-59 


4-62 


4-65 


4-69 


472 


476 


4-80 


4-84 


489 


4'93 


23 


4-50 


4-52 


4-54 


4-57 


4-60 


4-62 


4-65 


4-69 


472 


476 


479 


4-83 


4-88 


4*92 


4*97 


24 


4-53 


4-56 


4-58 


4-60 


4-63 


4-66 


4-69 


472 


.476 


479 


4-83 


4-87 


4-91 


4*96 


501 


25 


4*57 


4-59 


462 


4-64 


4-67 


470 


473 


476 


479 


4-83 


4-87 


4-91 


4-95 


5-00 


5*05 


26 


4-6i 


4-63 


4-65 


4*68 


471 


474 


477 


4-80 


4-83 


4-87 


4-91 


4-95 


4*99 


5*04 


5*09 


27 


4-65 


4-67 


4-69 


472 


475 


478 


4-8i 


4-84 


4-88 


4-91 


4*95 


5-00 


5-04 


5-o8 


5*13 


28 


469 


471 


474 


476 


479 


4-82 


4-85 


4-89 


492 


4-96 


5-00 


5-04 


5-08 


5*13 


5*18 


29 


4-73 


476 


478 


^1i 


4-84 


4-87 


4-90 


4'93 


4-97 


5-OI 


5-05 


5-09 


5-^3 


5-i8 


5*23 


30 


478 


4-80 


4-83 


4-86 


4-88 


4-92 


4*95 


4-98 


5-02 


5-06 


5*10 


5-14 


5-i8. 


5*23 


5-28 


31 


4-83 


4-85 


4-88 


4-91 


4*94 


4-97 


5-00 


5-03 


5-07 


5-II 


5-15 


5-19 


5-24 


5*29 


5*34 


32 


4-88 


4*91 


4-93 


4-96 


4-99 


5-02 


5-05 


5-09 


5-12 


5-i6 


5-20 


5-25 


5*29 


5*34 


5*39 


33 


4-94 


4-96 


4-99 


5-OI 


5-04 


5-08 


5-II 


5*14 


5-i8 


5-22 


5-26 


5-31 


5-35 


5*40 


5*45 


34 


5-00 


502 


5*05 


5-07 


5-IO 


5-13 


5-17 


5*20 


524 


5-28 


5*32 


5*37 


5-42 


5-46 


5*52 


35 


5-o6 


5-o8 


5-" 


5-13 


5-i6 


5-20 


5-23 


5-27 


5-30 


5'35 


5*39. 


5*43 


5-48 


5-53 


5*58 


36 


5-12 


5-14 


5-17 


5-20 


5-23 


5-26 


5-30 


5*33 


5*37 


5*41 


5-46. 


5-50 


5*55 


5 '60 


5*65 


37 


5-19 


5-21 


5-24 


5*27 


5*30 


5*33 


5-36 


5-40 


5-44 


5-48 


5-53 


5-57 


5-62 


5*67 


5*73 


38 


5-26 


5-28 


5-31 


5-34 


5-37 


5-40 


5*44 


5*47 


5-51 


5-56 


5-60 


5-65 


570. 


^V 


5-80 


39 


5-33 


5-35 


5-38 


5-41 


5*44 


5-48 


5'5^ 


5-55 


5*59 


5-63- 


5-68 


573 


578 


5*83 


5-88 


40 


5-41 


5*43. 


5-46 


5-49 


5-52 


5-56 


5-59 


5-63 


5-67 


572 


576 


5-8i 


5-86 


5*91 


5*97 


41 


5-49 


5-51 


5*54 


5'57 


5-6i 


5-64 


5-68 


572 


576 


5-80 


5-85 


5-90 


5-95 


6*00 


6-o6 


42 


5-57 


5-60 


5-63 


5-66 


5-69 


573 


577 


5-81 


5-85 


5-89 


5-94 


5*99 


6*04 


6*10 


6-15 


43 


5-66 


5-69 


572 


575 


578 


5-82 


5-86 


5-90 


5-94- 


5*99 


6*03 


6*09 


6-14 


6'X9 


6-25 


44 


576 


578 


5-8i 


5-85 


5-88 


5*92 


5-96 


6*oo 


6*04 


6*09 


6-14 


6*19 


6-24 


6*30 


6-36 


45 


5-86 


5-88 


5-92 


5*95 


5-98 


6'02 


6-o6 


6*io 


6-15 


6*19 


6-24 


6*29 


6-35 


6-41 


6-47 


46 


5-97 


5-99 


6-02 


6-05 


6*09 


6-13 


6-17 


6-21 


6-26 


6-30 


6-35 


6-41 


6-46 


6-52 


6-58 


47 


6*07 


6*10 


6-13 


6-17 


6-20 


6-24 


6-28 


6-33. 


6-37 


6-42. 


6-47 


6-53 


6-58 


6-64 


671 


48 


6'J9 


6*22 


6-25 


6-29 


6-32 


6-36 


6-40 


6-45 


6-49 


6-54 


6-6o 


6-65 


671 


677 


6-83 


49 


6-31 


6-34 


6-38 


6-41 


6-45 


6-49 


6-53 


6-58 


6-62 


6-67. 


673 


678. 


,6-84 


6-91 


6-97 


50 


6-44 


6-47 


6-51 


6-54 


6-58 


6-62 


6-67 


671 


676 


6-8i 


6-87 


6-92 


6-98 


7-05 


7-11 


51 


6-58 


6-6i 


6-65 


6-68 


672 


676 


6-8i 


6-86 


6-90 


6-96 


7-01 ; 


7'07 


7*13 


7'20 


7*27 


52 


673 


676 


679 


6-83 


6-87 


6-91 


6-96 


7-01 


7-o6 


7-II 


7*17. 


7-23 


7*29 


7*36 


7*43 


53 


6-88 


6*91 


6-95 


6-99 


7-03 


7.07 


7-12 


7-17 


7*22 


7-28 


7-33. 


7-39 


7-46 


7*53 


7*6o 


54 


7-05 


7-o8. 


7-12. 


7-i6 


7»2o 


7-24 


7*29 


7-34 


7*39 


7*45 


7-51. 


7*57 


7-64 


771 


778 


55 


7-22 


7*25 


7-29 


7*33 


7-38 


7-42 


7-47 


7-52 


7-58 


7-63 


7.69 


776 


7-83 


7-90 


7*97 


56 


7-41 


7*44 


7-48 


7-52 


7*57 


7-61 


7-66 


771 


777 


7-83 


7-89 


7-96 


8-03 


8-IO 


8-i8 


57 


7'6o 


7-64 


7-68 


772 


777 


7-82 


7-87 


7.92 


7-98 


8-04 


8'io 


8-17 


8-24 


8-32 


8*40 


5S 


7-8X 


7-85 


7-89 


7*94 


7-98 


8*03 


8*09 


8-14 


8-20 


8-26 


8-33 


8-40 


8-47 


8-55 


8-63 


59 


8'04 


8-o8 


8-12 


8-17 


8-21 


8-26 


8-32 


8-38 


8-44 


8-50 


8-57 


8-64 


872 


8-8o 


8-88 


60 


8-28 


832 


8-37 


8-41 


8-46 


8-51 


8-57 


8-63 


8-69 


876 


8-83 


8-90 


8-98 


9-06 


9-15 



To convert time into longitude divide by 4. Thus 8*28 s. ^ 4 — 2*07' long. 
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Table D. 
Showing thb Error fkoducbd in ths Timb cm Lomoitudb by 

Altttudb. 



AJI EbBOR of Z' III THB 





AZnCUTHB. 1 


Lat. 


6(r 


W* 


fr 


5f» 


6r 


88* 


0i» 


UF 


» 


«• «P 


«r 


UF 


ir 


M> 


o 


8. 


s. 


t. 


8. 


8. 


8. 


8. 


8. 


8. 


8. 


8. 


B. 


8. 


8. 


8. 


O 


4-62 


4-67 


472 


477 


4-82 


4-88 


4-94 


5-OI 


5-08 


yi5 


5-22 


5-30 


5-38 


5-47 


5-56 


I 


4-62 


4-67 


472 


477 


^V 


^'f 


4-95 


5-OI 


5-o8 


5-15 


5-22 


530 


5-38 


5*47 


5-56 


2 


4'62 


4-67 


47a 


477 


483 


489 


495 


5-OI 


3-o8 


5-15 


5-22 


5-30 


5-39 


5*47 


5-56 


3 


4-63 


^'^ 


47a 


478 


4-83 


4-89 


4-95 


5-02 


5-o8 


5-15 


5-23 


5-31 


5-39 


5-48 


5*57 


4 


463 


4-68 


473 


478 


4-84 


490 


4-96 


5-02 


5-09 


5-16 


523 


5-31 


5-40 


5-48 


5-57 


5 


464 


4-68 


473 


479 


4-84 


490 


4-96 


503 


yio 


5-17 


5-24 


5-32 


5-40 


5-49 


5-58 


6 


4-64 


469 


474 


480 


4-85 


4-91 


4-97 


5-04 


510 


5-17 


5-25 


5-33 


5-41 


5-50 


5'59 


7 


465 


470 


475 


4-8i 


4-86 


4-92 


4-98 


5-05 


5-II 


5-19 


526 


5*34 


5-42 


5-51 


5 '60 


8 


4-66 


471 


476 


4-82 


^'V 


4*93 


4*99 


506 


513 


5'20 


5-27 


5*35 


5-44 


5-52 


562 


9 


4-68 


472 


478 


^1^ 


4-89 


4*94 


501 


5-07 


5-14 


5*21 


5-29 


5*37 


5-45 


5-54 


563 


10 


4-69 


474 


479 


4-84 


490 


496 


502 


5-09 


5*15 


523 


5-30 


5*38 


5'47 


5*55 


5-65 


II 


471 


475 


4-8i 


4-86 


4-92 


4-97 


504 


5-IO 


5-17 


5-24 


5-32 


540 


5-4» 


5-57 


5-66 


12 


472 


477 


4-82 


4-88 


4-93 


4*99 


5-05 


5-12 


5-19 


526 


5-34 


5-42 


5-50 


5-59 


5-68 


13 


474 


479 


4-84 


4-89 


4-95 


5-OI 


5-07 


5*14 


5-21 


5-28 


536 


5*44 


5-52 


5-61 


571 


14 


476 


4-81 


^•fS 


492 


4'97 


503 


5-IO 


5-i6 


523 


5-30 


538 


5-46 


5'55 


5-64 


573 


15 


478 


4-83 


4-88 


4*94 


5-00 


506 


5-12 


519 


5-26 


5-33 


5-41 


5*49 


5-57 


5-66 


576 


i6 


4-8o 


4-85 


4-91 


4-96 


502 


508 


5-14 


5-21 


528 


5*35 


5-43 


5-51 


560 


569 


578 


17 


4-83 


4-88 


4-93 


499 


5-05 


5-II 


5-17 


5-24 


5-31 


5-38 


5-46 


5-54 


5-65 


572 


5"8i 


i8 


4-86 


491 


4-96 


5-01 


5-07 


513 


520 


5*27 


5-34 


5-41 


5*49 


5-57 


5-66 


575 


5-85 


19 


4-88 


4-94 


499 


5^04 


5-IO 


5-i6 


5-23 


5-30 


5-37 


5*44 


5-52 


5-60 


5-69 


578 


5-88 


20 


492 


4'97 


502 


5-o8 


5-13 


520 


5-26 


5*33 


5-40 


5-48 


5-56 


5-64 


573 


5-82 


5*92 


21 


4-95 


5-00 


5-05 


5'" 


5'i7 


523 


530 


5-36 


5*44 


5*51 


5*59 


5-68 


577 


5-86 


5-96 


22 


4-98 


5-03 


509 


5*'l 


520 


5-27 


533 


540 


5-47 


5-55 


5-63 


572 


5-8i 


5-90 


6-00 


23 


502 


5*07 


5-12 


5-i8 


5-24 


530 


5*37 


5*44 


5-51 


5*59 


5-67 


576 


5-85 


5*94 


6-04 


24 


506 


5" 


5-i6 


5*22 


5-28 


534 


5*41 


5-48 


556 


563 


572 


5-8o 


5-89 


5-99 


6-09 


25 


5-IO 


5-15 


5-20 


526 


5-32 


539 


5-46 


5*53 


5-60 


5-68 


576 


5-85 


5*94 


6-03 


6-13 


26 


5-14 


519 


5-25 


5-31 


5*37 


5*43 


550 


5'57 


565 


573 


5-81 


590 


5-99 


6-09 


6-19 


27 


5-18 


5-24 


529 


535 


5-42 


5-48 


5-55 


5-62 


5-70 


578 


5-86 


5*95 


604 


6-14 


6-24 


28 


523 


528 


5*34 


540 


5-46 


5-53 


5-6o 


5-67 


575 


5-83 


591 


6-00 


6*io 


6-19 


6-30 


29 


5-28 


5*34 


5-39 


5-45 


552 


5-58 


5-65 


573 


5-8o 


5-88 


5-97 


606 


615 


6-25 


6-36 


30 


5-33 


5-39 


5*45 


5-51 


5*57 


564 


571 


578 


5-86 


5*94 


603 


6-12 


6-22 


6-32 


6-42 


31 


5*39 


5*44 


5-50 


5-56 


563 


570 


577 


5-84 


592 


6*oo 


6*09 


6*i8 


628 


6-38 


6-49 


32 


5'45 


5-50 


556 


562 


569 


576 


583 


5-91 


5-99 


6-07 


6-i6 


6-25 


6-35 


6-45 


6-56 


33 


5-51 


556 


5-62 


569 


5*75 


5-82 


5-90 


5*97 


6*05 


6-14 


6-23 


632 


642 


6-52 


6-63 


34 


5-57 


5-63 


569 


575 


5-82 


589 


596 


6-04 


6-12 


6-21 


630 


639 


6-49 


6-6o 


6-71 


35 


5-64 


570 


576 


582 


5-89 


5-96 


6'04 


6-II 


6'20 


6-28 


6-37 


6-47 


6-57 


6-66 


6-79 


36 


571 


577 


5-83 


5-90 


5-96 


6*04 


6-II 


6*19 


6-27 


636 


6-45 


6-55 


6-65 


6-76 


6-87 


37 


578 


5-84 


591 


5-97 


6-04 


6-II 


6*19 


6-27 


6-36 


6-44 


6-54 


6-64 


674 


6-85 


6-96 


38 


5-86 


5*92 


5-99 


6*05 


6-12 


6-20 


6-27 


6-36 


6-44 


6-53 


663 


673 


6-83 


6-94 


7-06 


39 


5-94 


6'oo 


6-07 


6-14 


6'2I 


6-28 


636 


6-44 


6-53 


6-62 


672 


6-82 


6-93 


7-04 


7-16 


40 


6*03 


6*09 


6-i6 


623 


6-30 


6-37 


6-45 


6-54 


6-63 


672 


6-82 


6-92 


703 


7-14 


7-26 


41 


6-12 


6-i8 


6*25 


6-32 


6-39 


6-47 


6-55 


6-64 


673 


6-82 


6*92 


7-02 


7-13 


7-25 


7-37 


42 


6-22 


6-28 


6-35 


6-42 


6*49 


6.57 


6-65 


674 


6-83 


6-93 


7-03 


7-13 


7-24 


7-36 


7-48 


43 


6-32 


6-38 


6-45 


6-52 


660 


6-68 


676 


6-85 


694 


7-04 


7-14 


7-25 


7-36 


7-48 


7-60 


44 


6-42 


6-49 


6-56 


6-63 


671 


679 


6-87 


6-96 


7-06 


7*i6 


7-26 


7*37 


7-48 


7-60 


773 


45 


6-53 


6-6o 


6-67 


675 


6-82 


6*91 


6-99 


7-08 


7-i8 


7-28 


7-38 


7-50 


7-6i 


773 


7-86 


46 


6-65 


672 


679 


6-87 


6-95 


7-03 


7-12 


7-21 


7-31 


7-41 


7-52 


7-63 


775 


7-87 


8-00 


47 


677 


6-84 


6*92 


6-99 


7-07 


7-16 


7-25 


7-34 


7*44 


7*55 


7-66 


777 


789 


8-02 


8-15 


48 


6-90 


6-97 


7-05 


7-13 


7-21 


7-30 


7-39 


7'49 


7*59 


7-69 


7-8o 


V^l 


8-04 


8-17 


8-31 


49 


7-04 


7-II 


7-19 


7-27 


7*35 


7*44 


7*54 


7-63 


774 


7-85 


7-96 


8-o8 


8-20 


8-34 


8-48 


50 


7-19 


7-26 


7-34 


7-42 


7-51 


7-6o 


7-69 


779 


7*90 


8-OI 


8-12 


8-25 


8-37 


8-51 


8-65 


51 


7-34 


7*42 


7-49 • 


7-58 


7-67 


776 


7-86 


7-96 


8-07 


9-i8 


8-30 


8-42 


8-55 


8-69 


8-84 


52 


7-50 


7-58 


7-66 


775 


7-84 


7*93 


8-03 


8-14 


8-24 


8-36 


8-48 


8-6i 


874 


8-88 


9-03 


53 


7-67 


775 


7-84 


7*93 


8-02 


8'ii 


8-22 


832 


8-43 


8*55 


8-68 


8-8i 


8-94 


9-09 


9-24 


54 


7-86 


7-94 


8-02 


8-II 


8-21 


8-31 


8-41 


8-52 


8-64 


876 


8-88 


9-02 


9*i6 


9*30 


9-46 


55 


8-05 


8-14 


8-22 


8-32 


8-41 


8-51 


8*62 


873 


8-85 


8-97 


9'io 


9*24 


9-38 


9*54 


9-69 


56 


8-26 


8.35 


8-43 


8-53 


863 


873 


8-84 


8-96 


9-08 


9'20 


9*34 


9-48 


963 


978 


9*94 


^l 


8-48 


It 


8-66 


876 


8-86 


8-97 


9-08 


9'20 


9-32 


9-45 


9*59 


973 


9*88 


10-04 


IO-2I 


58 


872 


8-8i 


8-90 


9'oo 


9'io 


9*21 


9*33 


9*45 


9-58 


971 


9-85 


lO'OO 


io-i6 


to-32 


10-49 


59 


8-97 


9*o6 


9*i6 


9-26 


9*37 9-48 


9*6o 


972 


9-86 


9.99 


10* 14 


10-29 


10-45 


10-62 


10-80 1 


60 


9-24 9-33 1 


9*43 


9*54 


9-65 977 


9-89 


I0'02 


io'i5 


10*29 


io'44 


io'6o 


10-77 


io'94 ii-i2| 



To convert time tnto longitude divide by 4. Thus 9-24 s. -r 4 » 2*31' long. 
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. Table D. 

Showing thb £rror produced in thb Timb or Longitudb by an Error of i' in thb 

..^ Altitude. 



Lat. 


AZIMUTHS. 1 




iSP' 


M<» 


iiP 


iSP 


41« 


iff" 


39° 


39P 


vr 


sr 


8«» 


34P 


88» 


880 
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5-66 
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I 


5-66 


57^ 


> 5-87 


' 5-9^ 


\ 6*io 


6*23 


i\ 6 36 6-50 6*65 6-8i 


6-97 7*15 7*35 7*55 777 


2 


5-66 


57e 


> 5-87 


' 5*9^ 


6*10 


6*23 6 36I 6*5o| 6*651 6*81 


6-98 7*16 735 7'55 777 


3 


5-66 


577 


f 5*87 


5-9S 


6*11 


623 6*3( 


) 6-51 


6*66 6*8i 


6*98 7*i6 735 7*56 7*78 


4 


5-67 


577 


5*88 


5-9S 


6*11 


6*2^ 


\ 6-3^ 


' 6-51 


6*6e 


6*82 


6*99 7*17 7-36 7*57 7*79 


5 


5*68 


57€ 


^ 5-8? 


6*oc 


6*12 


6*2< 


> 6-3« 


; 6-52 


6*67 


6*83 


7*00 7-i8 7*37 758 780 


6 


5-69 


579 


5-9C 


6*oi 


6*13 


6*2e 


6-35 


653 


6*6€ 


6*84 


7-01 


7*ig 


> 7-38 7'59l 7*8i| 


7 


570 


5-8c 


5-91 


6*02 


6*14 


6*27 


6-4C 


655 


6*70 


6*86 


703 


7*21 


7-40 7-6j 


782 


8 


571 


5-8i 


5-93 


6*04 


6*i6 


6*28 


6*42 


6*56 


6*71 


6*87 


7'OA 


7-22 


7-42 


7-62 


7*84 


9 


573 


5-83 


5*94 


6*0^ 


6*17 


63c 


6*44 


6*58 


6*73 


6*89 


roe 


7*24 


7*44 


7-64 


7-86 


lO 


574 


5-85 


5-96 


6*07 


6*19 


6*32 


6*45 


6*60 


6*75 


6*91 


7-oa 


726 


7-46 


7-66 


789 


II 


576 


5-87 


5*97 


6*og 


6-21 


6-34 


6*48 


6*6a 


6*77 


6*93 


7-10 


7-29! 7-48 


7-6<3 


7*91 


12 


578 


5-89 


6*00 


6*11 


6*23 


6*36 


6*50 


6*64 


6*80 


6-96 


7-13 


731 


7 51 


772 


7*94 


13 


5-8i 


5*91 


6*02 


6*14 


6*26 


6*39 


6*52 


6*67 


6*82 


6*98 


7-i6 


734 


754 


7 75 


7 97 


14 


5-83 


5*93 


6*04 


6*16 


6*28 


6*41 


6-55 


6*70 


6*85 


7*01 


7*19 


7 3'' 


7 57 


778 


800 


15 


5-86 


5-96 


6*07 


6-19 


6*31 


6*44 


6*58 


6*73 


6*88 


7*05 


7*22 


7*41 


7*60 


7-8i 


8*04 


i6 


5-88 


5-99 


6*io 


6*22 


6-34 


6*47 


6*61 


6-76 


6*91 


7-o8 


r25 


7-44 


764 


785 


8c8 


17 


5*92 


6*02 


6*13 


6*25 


6*38 


6*51 


6*65 


6*79 


6-95 


7-12 


7*29 


7-48 


768 


789 


812 


i8 


595 


6-05 


6*17 


6*28 


6*41 


6*54 


6*68 


6*83 


6*99 


7- 16 


7-33 


7*52 


772 


7 94 


817 


19 


5-98 


6*09 


6*20 


6*32 


6*45 


6*58 


6*72 


6*87 


7*03 


7*20 


7-38 


7*57 


777 7-98 


$•21 


20 


6-02 


6*13 


6*24 


6*36 


6*49 


6*62 


6*76 


6*91 


707 


7-24 


7*42 


7-61 


7-82 803 


8*26 


21 


6-o6 


6-17 


6*28 


6*40 


6-53 


6*67 


6*8i 


6*96 


712 


7*29 


7-47 


7-66 


7-87 


8*09 


8*32 


22 


6* 10 


6*21 


6-33 


6-45 


6*58 


6*71 


6*86 


7*01 


717 


734 


7*52 


771 


7*92 


814 


838 


23 


6-15 


6*26 


6*37 


6*49 


6*62 


6*76 


6*90 


706 


722 


739 


7-58 


7*77 


798 


8-20 


8*44 


24 


6-19 


6*30 


6*42 


6-54 


6*67 


6*81 


6*96 


7*11 


7-28 


7'45 


7-63 


783 


8x4 


8*26 


850 


25 


6*24 


6-35 


6*47 


6*6o 


6*73 


6*87 


7*01 


7-17 


733 


7*51 


7*69 


7-89 


8*10 


8-33 


8*57 


26 


6-29 


6*41 


6-53 


6*65 


6*78 


6*92 


7*07 


7*23 


7-39 


7-57 


7-76 


7.96 


8-17 


8*40 


8*64 


27 


6-35 


6*46 


6*58 


6*71 


6*84 


6*98 


7*13 


7*29 


746 


7-64 


7*83 


803 


8*24 


8-47 


8*72 


28 


6-41 


6*52 


664 


6*77 


6*91 


7*05 


7-20 


736 


7-53 


7*71 


7-90 


810 


8*32 


8-55 


8*8o 


29 


6-47 


6*58 


6*71 


6*83 


6*97 


7*11 


7*27 


7-43 


7-60 




797 


8*i8 


8 40 


8*63 


8*88 


30 


6-53 


6*65 


6*77 


6*90 


7*04 


7*19 


7*34 


7*50 


7-67 


786 


8*05 


8*26 


8*48 


8-72 


8*97 


31 


660 


672 


6*84 


6*97 


7*11 


7*26 


7*42 


7-58 


775 


7*94 


8*14 


8*35 


8-57 


8*81 


9*o6 


32 


6-67 


679 


6*92 


7*05 


7*19 


7'34 


7*49 


7-66 


7-84 


8 02 


8*22 


8*43 


8-66 


8*90 


9*16 


33 


674 


6*87 


6*99 


7-13 


7-27 


7*42 


7-58 


775 


7'93 


8*11 


8*32 


8*53 


8-76 


9-00 


9*26 


34 


6-82 


6*95 


7*07 


7*21 


7*35 


7*51 


7.67 


7-84 


8*02 


8*21 


8*41 


8*63 


8*86 


9*10 


9*37 


35 


6*91 


7*03 


7-16 


7*30 


7-44 


7-60 


7.76 


7*93 


8*11 


8-31 


8*51 


8-73 


8*97 


9*21 


9-48 


36 


6-99 


7*12 


7*25 


7*39 


7-54 


7.69 


7-86 


rf-03 


8*22 


8*41 


8*62 


8*84 


9*08 


9*33 


9*60 


37 


7-08 


7*21 


7-34 


7*49 


7-63 


779 


7-96 


8*14 


8*32 


8*52 


8-73 


8*96 


9-20 


9*45 


9*72 


38 


7-i8 


7*31 


7-44 


7*59 


774 


7.90 


8*07 


8*24 


8-43 


8*64 


8*85 


9*08 


9*32 


958 


9*86 


39 


7-28 


7*41 


7'55 


7.69 


7-85 


8-01 


8*18 


8*36 


8-55 


8*76 


8*97 


9*20 


9*45 


9*71 


9*99 


40 


7-38 


7*52 


7-66 


7-8o 


7*96 


8*12 


8*30 


8*48 


8*68 


8*88 


9*10 


9*34 


9*59 


9-85 


10*14 


41 


7-50 


7-63 


777 


7*92 


8*08 


8*25 


8*42 


8*6i 


8*8i 


9*02 


9-24 


9-48 


9*73 


lo-oo 


10*29 


42 


7'6i 


775 


7-89 


8*04 


8-20 


8-37 


8-55 


8-74 


8*94 


9*16 


9-38 


963 


9*88 


io*i6 


10-45 


43 


773 


7-87 


8-02 


8*17 


8*34 


8*51 


8*69 


8*88 


9*09 


9-30 


9*54 


978 


10*04 


10*32 


10*62 


44 


7-86 


8*00 


8*15 


8-31 


8*48 


8*65 


8*84 


9*03 


9-24 


9*46 


9*69 


9*94 


10*21 


10*49 


io*8o 


45 


8-00 


8*14 


8*29 


8*45 


8*62 


8*80 


8-99 


9*19 


9*40 


9*62 


9-86 


10*12 


10*39 


10*67 


1098 


46 


•8-14 


8*29 


8*44 


8-6i 


8*78 


8*96 


9*15 


9*35 


9*57 


9*8o 


10*04 


10*30 


10*57 


10*87 


U'i8 


^Z 


8-29 


8*44 


8*6o 


8-77 


8*94 


9*12 


9-32 


9*53 


975 


9-98 


10*23 


10*49 


10*77 


11*07 


II 39 


48 


8-45 


8*6i 


8*77 


8-93 


9*11 


9'30 


9-50 


9-71 


9*93 


10*17 


10*42 


10*69 


10*97 


11-25 


ii*6i 


49 


8-62 


8*78 


8*94 


9n 


9.29 


9*49 


9-69 


9.90 


10*13 


10*37 


10*63 


10*90 


11*19 


II-5I 


11*84 


50 


8-8o 


8*96 


9-12 


930 


9*49 


9*68 


9*89 


10*11 


10*34 


10*59 


10*85 


11*13 


11*43 


11*74 


I2*08 


51 


8-99 


9-15 


9.32 


9-50 


9*69 


9-89 


10*10 


10*30 


10*56 


10*81 


11*08 


11*37 


11*67 


11*99 


12-34 


52 


9-19 


9-35 


9*53 


971 


9-90 


10*11 


10*32 


10*55 


10*80 


11-05 


"•33 


11*62 


11*93 


12*26 


12*61 


53 


9*40 


9*57 


975 


9-93 


10*13 


IO-34 


10*56 


io*8o 


11*04 


11-31 


"•59 


11*89 


12*20 


12*54 


12-90 


54 


9-62 


9-80 


9-98 


10-17 


10*37 


10*59 


10*81 


11*05 


11-31 


11-58 


11*86 


12*17 


12*50 


12*84 


13*21 


55 


9-86 


10*04 


10*23 


I0'42 


10*63 


10*85 


11*08 


11*33 


"•59 


11*86 


I2*l6 


12*47 


12*80 


13*16 


1354 


56 


IO'I2 


10*30 


IO-49 


10*69 


10*90 


II-I3 


"•37 


11*62 


11*89 


12-17 


12*47 


12*79 


13*13 


13*50 


13-89 


57 


10-39 


io*57 


1077 


10*97 


11*19 


"•43 


11*67 


11*92 


12*20 


12*49 


12*80 


13*13 


13*48 


13*86 


14-26 


58 


10*67 


10-87 


11*07 


11*28 


11*51 


11*74 


11*99 


12*26 


12-54 


12*84 


13*16 


13*50 


13*86 


14*24 


14-66 


59 


10*98 


11*18 


"•39 


11*61 


11*84 


12*08 


12-34 


12*61 


12*90 


13-21 


13*54 


13*89 


14*26 


14*66 


15*08 


60 


11-31 


11*52 


"73 


11*96 


12*19 


12*45 


12*71 


12*99 


I3'29 


13-61 


13*95 


14*31 


14*69 


15*10 


1553 



To convert time into longitude divide by 4. Thus 12*0 s. -j- 4 = 3' long. 
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800 


8'25| 


8-52 


8'8i 


912 


9-46 9*83 10-2 


10-7 


II-2 


117 


12-3 


13-0 


137 


14-5 


I 


8'OQ 

8'Oo 


8-25 


8-52 


8'8i 


913 


9-47 9&4 10-2 


107 


II-2 


II-7 


12-3 


13-0 


137 


14*5 


2 


8-26 


2'5^ 


8-8^ 


9-13 


9*47" 9'84- IO-2 


10-7 


II-2 


117 


12-3 


13-0 


137 


14-5 


3 


8'oi 


826 


f^^ 


8-82 


9-14 


9*4 ^ 9*85' 10-3 


107 


II-2 


117 


12-3 


13-0 


137 


14-5 


4 


8-02 

8*03 


8*27 


8-54I 


51^ 


915 


9-49 9*86; 10-3 


10-7 


11*2 


117 


12-3 


13-0 


137 


14-5 


5 


8'2ft 


8-55j 


8-84 


9' 16 


9-50 987 10-3 


107 


ll'2 


117 


12-3 


13-0 


137 


146 


6 


804 
806 


8'3a 


8-57 


t^ 


9-17 


9-52 9-89 IO-3 


107 


1 1-2 


11-8 


12-4 


130 


138 


14-6 


7 


8-31 


8-58 


919 


9'54t 9-9I' 10-3 


10-8 


11-2 


II-8 


12-4 


13-0 


138 


14-6 


8 


8'o8 


8-33 


8-60 


890 


9'2I 


9-56 9-93 10-3 


10-8 


"'3 


11-8 


12-4 


I3-I 


138 


147 


9 


8'io 


2'3| 


8-63 


8-92 


9-24 


9*5^ 9-96^ 104 


IO-8 


II-3 


11-8 


124 


131 


13-9 


H7 


10 


8-12 


8-38 


8-65 


8*95 


927 


9-61* 9-99 10-4 


IO-8 


II-3 


II-9 


12-5 


I3-I 


13-9 


147 


II 


815 


f^' 


8-68 


8-98 


930 


9*64 lO'O 


104 


io'9 


II-4 


ii'9 


12-5 


13-2 


13-9 


14-8 


12 


S'1'6 


8-43 


871 


g-oi 


9-33 


9*6b lo'i 


10-5 


10-9 


1 1-4 


I2-0 


12-6 


13-2 


14-0 


14-8 


13 


8-21 


I'^l 


I'n 


904 


936 


971 10- 1 


IO-5 


II-O 


ii'5 


I2-0 


12-6 


13*3 


14-0 


149 


14 


8-24 


8-50 


878 


9-08 


9-40 


975' lO'i 


10-6 


II-O 


ii'5 


I2'I 


12-7 


13-3 


I4-I 


150 


15 


8-28 


8-54 


8-82 


912 


9-45 


9-80 IO'2 


IO-6 


II'I 


ii'6 


I2-I 


127 


13-4 


14-2 


150 


16 


8-32 


8-58 


8-86 


9-X7 


9*49 


9-851 IO-2 


iO'6 


II'I 


11-6 


12-2 


12-8 


13-5 


142 


15-1 


17 


8-37 


8-63 


8-91 


9'2I 


' 9-54 


9-90 IO-3 


107 


II'2 


11*7 


12-2 


12-8 


13-5 


14-3 


152 


18 


2'^' 


8-68 


8-96 


9-26 


9*59 


9*95. IO-3 


IO-8 


II'2 


117 


12-3 


12*9 


136 


14-4 


15-3 


19 


8-46 


Vl 


9'oi 


9-32 


965 


lo-o 10-4 


IO-8 


II-3 


ii'8 


I2'4 


130 


137 


14-5 


15-3 


20 


8'5i 


878 


907 


9-38 


971 


lO'I 


iO'5 


iO'9 


ii'4 


II-9 


I2'4 


131 


138 


146 


15-4 


21 


8-57 


8-84 


9-13 


9-44 


977 


lO'I 


105 


ii-o 


ii'4 


I2-0 


12-5 


I3'2 


13-9 


147 


15*5 


22 


8-63 


8'9o 


9'i9 


950 


9-84 


IO'2 


IO-6 


II'O 


"•5 


I2'0 


12-6 


13*3 


14-0 


14-8 


157 


23 


8-69 


8-96 


9' 26 


9'57 


9-91 


10-3 


107 


II'I 


II-6 


I2'I 


I2'7 


13-3 


14-1 


14-9 


158 


24 


876 


9-03 


9'33 


9-64 


9*99 


IO-4 


IO-8 


II'2 


117 


I2'2 


I2'8 


13-4 


14-2 


lyo 


15-9 


25 


8-83 


9'io 


9-40 


972 


10- 1 


IO-4 


io'9 


11-3 


ii'8 


I2'3 


12*9 


136 


M-3 


15-1 


i6'0 


26 


!'^ 


9*i8 


9-48 


9'8o 


10*2 


IO-5 


io*9 


11-4 


ii'9 


I2'4 


i3'o 


137 


i4'4 


15-2 


i6-i 


27 


8-98 


9*26 


9-56 


9-89 


10-2 


IO-6 


ii-o 


1 1-5 


I2'0 


12*5 


13-1 


I3'8 


14-5 


15-3 


16-3 


28 


9'o6 


9'34 


9-65 


9-98 


JO'3 


107 


II'I 


II-6 


I2'I 


12-6 


I3'2 


13-9 


147 


15-5 


i6-4 


29 


9-15 


9'43 


974 


lO'I 


I0'4 


iO'8 


II'2 


ii'7 


I2'2 


12-8 


I3'4 


14-0 


14-8 


15-6 


i6-6 


30 


9-24 


9'53 


9-84 


IO'2 


10-5 


10-9 


ii'4 


ii'8 


I2'3 


12-9 


13-5 


14-2 


14-9 


15-8 


i6'8 


31 


9'33 


963 


9*94 


iO'3 


IO-6 


II'O 


ii'5 


11-9 


I2'5 


i3'o 


13-6 


14-3 


lyi 


i6'0 


i6'9 


32 


9'43 


973 


lO'O 


iO'4 


io'8 


II-2 


ii'6 


I2'I 


12-6 


13-2 


13-8 


14-5 


15-3 


i6-i 


17-1 


33 


9'54 


9-84 


IO'2 


IO-5 


10-9 


"•3 


ii'7 


I2'2 


12-7 


i3'3 


14-0 


14-6 


15-4 


i6-3 


173 


34 


9-65 


9'95 


io'3 


iO'6 


ii*o 


11-4 


ii'9 


I2'3 


I2'9 


I3'5 


14*1 


14-8 


15-6 


i6-5 


17-5 


35 


977 


lO'I 


10-4 


10-8 


ii-i 


II-6 


I2'0 


12-5 


13-0 


13-6 


14-3 


15-0 


15-8 


i6'7 


177 


36 


9-89 


IO'2 


IO-5 


1 0*9 


113 


117 


12-2, 


127 


13-2 


13-8 


i4'5 


152 


i6-o 


i6*9 


I7'9 


37 


lO'O 


io'3 


107 


II'O 


11-4 


H'9 


I2'3 


12-8 


13-4 


140 


14-6 


15-4 


l6'2 


17-1 


i8-2 


38 


I0'2 


iO'5 


io'8 


II'2 


II-6 


I2'0 


I2'5 


130 


136 


14-2 


14-8 


15-6 


i6'4 


17-4 


i8-4 


39 


10-3 


I0'6 


II'O 


II-3 


117 


I2'2 


127 


13-2 


137 


14-4 


15-0 


15-8 


i6'7 


17-6 


187 


40 


IO-4 


io'8 


ii'i 


II-5 


II-9 


12-4 


12-8 


13-4 


13*9 


14-6 


15*3 


i6-o 


i6'9 


I7'9 


i8-9 


41 


io'6 


I0'9 


II-3 


117 


I2-I 


I2'5 


13-0 


136 


14-1 


14-8 


i5'5 


i6-3 


17-2 


i8'i 


192 


42 


io'8 


ii-i 


II-5 


ii'9 


12-3 


127 


I3'2 


13-8 


I4'4 


150 


157 


i6'5 


17-4 


18-4 


19-5 


43 


io'9 


"•3 


II-6 


I2-0 


12-5 


12-9 


13-4 


14-0 


14-6 


i5'3 


i6*o 


i6-8 


177 


187 


198 


44 


ii'i 


II-5 


ii'8 


12*2 


127 


13-2 


137 


14-2 


14-8 


15-5 


i6'3 


I7'i 


i8'o 


19*0 


20'2 


45 


11-3 


117 


I2'0 


I2'5 


12-9 


13-4 


13-9 


14-5 


15-1 


15-8 


i6'5 


17-4 


i8'3 


19-3 


20*5 


46 


II-5 


11-9 


12-3 


127 


I3-I 


13-6 


14-2 


M7 


15-4 


i6-i 


i6'8 


177 


i8-6 


197 


20'9 


47 


117 


12*1 


12-5 


12-9 


13-4 


13-9 


14-4 


15-0 


157 


i6-4 


17-1 


i8-o 


190 


20-I 


21-3 


48 


I2'0 


12*3 


127 


13-2 


13-6 


14-1 


147 


15*3 


i6-o 


i6-7 


17-5 


i8'4 


19-3 


20*4 


217 


49 


I2'2 


I2'6 


13-0 


I3'4 


13-9 


14-4 


15-0 


15-6 


i6'3 


17-0 


17-8 


187 


.197 


20'9 


22*1 


50 


12-4 


it'8 


I3'3 


137 


14-2 


147 


I5'3 


15-9 


i6'6 


17-4 


i8-2 


I9'i 


20'I 


213 


22-6 


51 


127 


13-1 


'^'1 


14-0 


'^'2 


15-0 


15-6 


16-3 


17-0 


177 


i8-6 


19-5 


20'6 


217 


23-1 


52 


13-0 


13-4 


13-8 


14-3 


14-8 


I5'4 


i6'0 


i6'6 


17-3 


i8-i 


19-0 


20'0 


21'0 


22'2 


23-6 


53 


13-3 


137 


14-2 


14-6 


15-2 


157 


i6'3 


17-0 


177 


i8-5 


19-4 


20*4 


21-5 


22-7 


24' I 


54 


13-6 


14-0 


14-5 


15-0 


15-5 


i6-i 


167 


17-4 


i8-2 


19-0 


19-9 


20*9 


22*0 


23*3 


247 


55 


13-9 


14-4 


14-9 


15-4 


15-9 


i6-5 


17-1 


I7'8 


i8-6 


19-5 


20*4 


21-4 


22'6 


23-9 


25*3 


56 


14-3 


14-8 


15*2 


15-8 


i6-3 


i6'9 


17-6 


i8'3 


I9'i 


20-0 


20'9 


22-0 


23*1 


245 


26-0 


57 


14-9 


lyi 


15-6 


i6-2 


i6-8 


17-4 


i8'i 


i8-8 


19-6 


20'5 


21'5 


22-6 


23-8 


25-1 


26-4 


58 


151 


15-6 


i6-i 


i6-6 


17-2 


17-9 


i8-6 


19-3 


20-1 


2I'I 


22*1 


23-2 


24-4 


25-8 


27*4 


P 


15-5 


i6'o 


i6-5 


I7-I 


177 


18-4 


I9'i 


19-9 


207 


21'7 


22'7 


23-9 


25-1 


26-6 


28-2 


60 


i6*o 


16-5 


17*0 


17-6 


i8-2 


i8*9 


197 


20*5 


21'4 


22-3 


23-4 


24*6 


25*9 


27-4 


29*0 



To convert time Into longitude divide by 4. Thus 16 s, -f- 4 « 4' long. 
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Table D. 

SBOWIKG THB BRROR FRODUCBD in TMB TiMB or LONGIT0DB BY AN ErROR OP l' IN TRB 

Altitude. 



lAt. 


AZIMUTHS. 1 


ia«» 


U« 


lap 


1*» 


U' 


IXP 


9» 


r 


r 


r» 


V* 


4P 


«• 


a» 


V 


o 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


S. 


s. 


8. 


s. 


O 


15-4 


16-5 


17-8 


19-2 


2I*0 


23*0 


25*6 


28*7 


32-8 


38-3 


45-9 


57-4 


76*4 


i?5 


229 


I 


15-5 


i6-5 


17-8 


19-3 


2I*0 


23*0 


25-6 


28*7 


32*8 


38-3 


45-9 


57*4 


76-4 


"5 


229 


2 


15-5 


16-5 


17-8 


19-3 


2I*0 


23-0 


25*6 


28*8 


32*8 


38-3 


45-9 


57*4 


76*5 


"5 


^29 


3 


15.5 


i6-6 


17-8 


19-3 


21*0 


23*1 


25*6 


28*8 


32*9 


38-3 


46*0 


57*4 


76-5 


"5 


230 


4 


15-5 


i6-6 


17-8 


19*3 


2I*0 


23-1 


25-6 


28*8 


32-9 


38-4 


46*0 


57-5 


76*6 


"5 


230 


5 


15*5 


i6-6 


17-8 


19-3 


21'0 


23-1 


257 


28*9 


32-9 


38*4 


46*1 


57-6 


76*7 


"5 


230 


6 


15-5 


i6-6 


17-9 


19-3 


21*1 


23*2 


257 


28*9 


33*0 


38-5 


46*1 


577 


76*9 


"5 


230 


7 


15-6 


167 


17-9 


19-4 


21*1 


23*2 


25-8 


29*0 


33-1 


38-6 


46*2 


57-8 


77*0 


"5 


231 


8 


15-6 


iCl7 


180 


19*4 


21*2 


23*3 


25*8 


29*0 


33-1 


38*6 


46-3 


57*9 


77-2 


116 


231 


9 


15-6 


167 


i8-o 


19-5 


21*2 


23-3 


25*9 


29*1 


33*2 


387 


46*5 


58*1 


77-4 


116 


232 


ID 


157 


i6-8 


i8-i 


19*5 


21*3 


23*4 


26*0 


29*2 


33-3 


38-9 


46*6 


58*2 


77.6 


116 


233 


II 


15-7 


i6-8 


i8-i 


19*6 


21*4 


23-5 


26*0 


29*3 


33*4 


39*0 


46*8 


58*4 


77.9 


117 


233 


12 


15-8 


16*9 


i8-2 


197 


21*4 


23*5 


26*1 


29-4 


33-6 


39-1 


46*9 


58*6 


78*1 


117. 


234 


13 


15-9 


17-0 


i8-2 


197 


21*5 


23*6 


26*2 


29*5 


337 


39'3 


47*1 


58-9 


78*4 


1x8 


235 


14 


15-9 


17-0 


18-3 


19-8 


21*6 


23*7 


26*4 


29*6 


33-8 


39*4 


47*3 


59*1 


78*8 


118 


236 


15 


I0'O 


17-1 


i8-4 


19*9 


21*7 


23*8 


26*5 


29*8 


34-0 


39-6 


47-5 


59-4 


79-1 


119 


237 


i6 


i6-i 


17-2 


i8-5 


20*0 


21-8 


240 


26*6 


29*9 


34-1 


39-8 


477 


597 


79-5 


119 


238 


17 


i6-2 


17-3 


i8-6 


20*I 


21*9 


24*1 


26*7 


30*1 


34'3 


40*0 


48*0 


6o*o 


79-9 


120 


240 


i8 


162 


17-4 


187 


20«2 


22*0 


24*2 


26*9 


30*2 


34-5 


40*2 


48-3 


60*3 


8o*4 


121 


241 


19 


i6-3 


17-5 


i8-8 


20*3 


22*2 


24*4 


27*0 


30-4 


347 


40*5 


48-5 


60*6 


80*8 


121 


242 


20 


i6-4 


17-6 


18-9 


20*5 


22*3 


24*5 


27*2 


30*6 


34-9 


40*7 


48*8 


61*0 


81*3 


123 


244 


21 


i6-6 


177 


19*0 


20-6 


22*5 


247 


27*4 


30*8 


35*2 


41*0 


49*2 


61*4 


81*9 


123 


246 


22 


i6-7 


17-8 


19-2 


20-7 


22*6 


24-8 


27*6 


3I-0 


35-4 


41-3 


49*5 


61*8 


82*4 


124 


247 


23 


i6-8 


i8-o 


19*3, 


20*9 


22*8 


25*0 


27*8 


31-2 


357 


41*6 


49*9 


62*3 


83*0 


125 


249 


24 


i6'9 


i8-i 


19-5 


21*1 


22*9 


25*2 


28*0 


31-5 


35*9 


41*9 


50*2 


62-8 


837 


125 


251 


25 


17-1 


i8-2 


19*6 


21*2 


23-1 


25-4 


28*2 


31*7 


36*2 


42*2 


50*6 


63-3 


84-3 


126 


253 


26 


17-2 


i8-4 


19-8 


21*4 


23-3 


25*6 


28*4 


32-0 


36-5 


42*6 


51*1 


63-8 


85*0 


128 


255 


27 


17-3 


i8-6 


20'0 


21*6 


23-5 


25-8 


28*7 


323 


36*8 


42*9 


51-5 


64-4 


85*8 


129 


257 


28 


17-5 


187 


20*I 


21*8 


237 


26-1 


29*0 


32*6 


37-2 


43'3 


52*0 


64*9 


86*6 


130 


260 


29 


177 


18-9 


20-3 


22*0 


24*0 


26*3 


29*2 


32-9 


37*5 


43-8 


52*5 


65*6 


87*4 


131 


262 


30 


17-8 


19-1 


20'5 


22*2 


24-2 


26*6 


29-5 


33*2 


37*9 


44*2 


53*0 


66*2 


88*3 


132 


265 


31 


i8-o 


19-3 


207 


22*4 


24-5 


26*9 


29-8 


33-5 


38-3 


44*6 


53-5 


66*9 


89-2 


134 


267 


32 


i8-2 


19*5 


21*0 


22*7 


24*7 


27*2 


30*2 


33-9 


387 


45*1 


54*1 


67-6 


90*1 


135 


270 


33 


i8-4 


197 


21*2 


22*9 


250 


27*5 1 30*5 


34*3 


39-1 


45-6 


547 


68*4 


91*1 


'37 


273 


34 


i8-6 


19-9 


21*4 


23*2 


25-3 


27*8 


30*8 


347 


39*6 


46*2 


55*4 


69-2 


92*2 


138 


276 


35 


18-9 


20'2 


217 


23-5 


25*6 


28*1 


31*2 


35-r 


40*1 


46*7 


56*0 


70*0 


93*3 


140 


280 


36 


19-1 


20*4 


22*0 


23-8 


25*9 


28*5 


31*6 


35-5 


40*6 


47*3 


56*7 


70*9 


94*5 


142 


283 


37 


19-4 


207 


22*3 


24*1 


26*2 


28*8 


32-0 


36*0 


41*1 


47'9 


57*5 


71*8 


957 


144 


287 


38 


19*6 


2I*0 


22*6 


24*4 


26-6 


29*2 


32-4 


36-5 


417 


48*6 


58*2 


72*8 


97*0 


145 


291 


39 


19-9 


21-3 


22*9 


24*8 


27*0 


29*6 


32*9 


37-0 


42*2 


49-2 


59*1 


73-8 


98*3 


147 


295 


40 


20-2 


21-6 


23*2 


25*1 


27*4 


30-1 


33*4 


37-5 


42*8 


50*0 


59*9 


74*9 


99-8 


150 


299 


41 


20-5 


21*9 


23*6 


25*5 


27*8 


30*5 


33*9 


3!'^ 


43*5 


507 


60*8 


76*0 


lOI 


152 


304 


42 


20-8 


22*2 


23-9 


25*9 


28*2 


31-0 


34'4 


387 


44*2 


51-5 


6i*8 


77*2 


103 


154 


308 


' 43 


2I'I 


22-6 


24-3 


26*3 


28*7 


31-5 


35-0 


39'3 


44-9 


52-3 


62*8 


78*4 


105 


157 


313 


44 


21-5 


23-0 


247 


26*7 


29*1 


32*0 


35*5 


40*0 


45-6 


53-2 


63-8 


797 


106 


159 


319 


45 


21*9 


23-4 


25-1 


27*2 


29*6 


32*6 


36*2 


40*6 


46*4 


54-1 


64*9 


8i*i 


108 


162 


324 


46 


22*2 


23-8 


25*6 


277 


30*2 


33*2 


36*8 


41*4 


47*2 


55-1 


66*1 


82*5 


110 


165 


330 


47 


22-7 


242 


26*1 


28*2 


307 


33-8 


37-5 


42*1 


48*1 


56*1 


67-3 


84-1 


112 


168 


336 


. 48 


23-1 


247 


266 


28*8 


31-3 


34-4 


38*2 


43-0 


49*1 


57*2 


68*6 


857 


114 


171 


343 


49 


23-6 


25-2 


27*1 


29-3 


32-0 


35*£ 


39.0 


43-8 


50*0 


58-3 


70*0 


87*4 


116 


175 


349 


' 50 


24-0 


257 


277 


29-9 


32-6 


35-8 


39*8 


447 


5I-I 


59-5 


71*4 


89*2 


119 


178 


357 


51 


24-6 


26-3 


28*3 


30*6 


33*3 


36*6 


40*6 


457 


52*2 


60*8 


72*9 


91*1 


121 


182 


364 


52 


25-1 


26*9 


28*9 


31*2 


34' I 


37*4 


41-5 


46*7 


53-3 


62*2 


74-5 


93-1 


124 


186 


372 


53 


25-7 


27-5 


29*5 


32*0 


34-8 


38-3 


42*5 


47*8 


54-5 


63*6 


76-3 


95*3 


127 


190 


381 


54 


26-3 


28-1 


30*3 


327 


357- 


39-2 


43-5 


48*9 


55-8 


65-1 


78*1 


97*6 


130 


195 


390 


55 


26-9 


28-8 


31*0 


33-5 


36-5 


40*2 


44.6 


50*1 


57*2 


66*7 


8o*o 


loo-o 


133 


200 


400 


56 


27*6 


29*6 


31-8 


34'4 


37*5 


41-2 


457 


51-4 


587 


68*4 


82*1 


I02*5 


137 


205 


410 


57 


28-4 


30-4 


32*6 


35-3 


38-5 


42*3 


46*9 


52-8 


6o*3 


70-3 


84-3 


I05'3 


140 


210 


421 


58 


29*2 


31-2 


33-6 


36-3 


39*6 


43*5 


48*3 


54-2 


61*9 


72*2 


86*6 


108 -2 


144 


2X6 


432 


59 


30*0 


32-1 


34*5 


37*4 


40*7 44*7 


49*6 


55-8 


637 


74-3 


89*1 


111*3 


148 


223 


445 


lI 


30-9 


33*1 


35-6 


38-5 


41*9 46-1 


51*1 1 57*5 1 65*6 


76*5 


91*8 


"47 


153 


229 


458 



To convert time into longitude divide by 4. Thus 35*63. -5- 4 = 8-9' long. 
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Table D. 

EftBOE PKODUCBD Uf THX TiMB OK LOMGITODS 

Altitudb. 



BY Ml EBKOlt or I ' IN TBS 



1 






LATITUDES. 


t 


•!• 


M» 


mp 


"1 


•r 


^ 


tr 


•r 


«• 


IT 


' 1 


W 


750 


o 


s. 


s. 


s. 


s. 


8. 


i 

8. • 8. 1 8. 


8. 


s. 


1 

S. [ s. s. 


a. 


s. 


X 


945 


976 


lOIO 


1046 


1083 


XI27 II73 ■ 1224 1 1279 


1340 


1408 


1483 1566 


1663 


1771 


473 


488 


505 


523 


542 


563 1 587 ! 612 ' 640 


670 


7<M 


742 


784 


832 


886 


n 


315 


325 


337 


349 


362 


376 


391 408 


426 


447 


4^ 


495 


523 


554 


590 


2 


236 


244 


252 


262 


271 


282 


293 306 


320 


335 


352 


371 


392 


416 


443 


4 


189 


195 


202 


209 


2X7 


225 


235 


245 


256 


268 


282 


297 


314 


333 


354 


3 


158 


163 


168 


174 


181 


188 


196 


204 


213 


223 


235 


247 


261 


277 


295 


u 


135 


X40 


144 


150 


155 


161 


168 


175 


183 


192 


201 


212 


224 


237 


253 


4 


xx8 


X22 


126 


131 


136 


141 


147 


153 


160 


168 


176 


186 


196 


208 


222 


ii 


X05 


109 


112 


1x6 


121 


125 


130 


136 


'^ 


149 


157 


165 


174 


185 


197 


5 


94*7 


97'8 


lOI 


105 


109 


"3 


117 


123 


128 


134 


141 


149 


157 


167 


177 


5i 


86x 


88*9 


91-9 


95'2 


988 


103 


107 


IXI 


X16 


122 


128 


135 


143 


151 


161 


« 


79-1 


8i-5 


843 


87-3 


905 


941 


979 


102 


107 


112 


118 


124 


131 


139 


148 


6i 


72-9 


75*3 


77-8 


806 


836 


869 


904 


2^1 


986 


103 


109 


114 


121 


128 


137 


7 


67-7 


699 


72-3 


74*9 


77'7 


807 


840 


87-6 


91*6 


960 


lOI 


106 


112 


119 


127 


7i 


6^-2 


653 


675 


699 


725 


75*3 


784 


8i-8 


855 


896 


941 


992 


105 


III 


118 


8 


59' 3 


61 '2 


633 


656 


680 


07 


736 


767 


802 


840 


88-3 


930 


983 


104 


III 


8J 

9 


55*8 


57-6 


59'6 


617 


64*0 


66-5 


693 


722 


755 


791 


831 


876 


92-6 


982 


105 


52-7 


54*5 


563 


583 


605 


62-9 


654 


68-3 


71-4 


74-8 


785 


827 


875 


928 


98-8 


9i 


50-0 


516 


53'4 


55'3 


57'3 


596 


62*0 


647 


676 


709 


74*4 


784 


829 


Pi 


93-6 


xo 


47*5 


491 


507 


52*6 


545 


566 


590 


6i'5 


64-3 


674 


708 


74*5 


788 


836 


890 


loi 


45' 3 


468 


483 


501 


51 '9 


540 


56-2 


58-6 


612 


64*2 


67-4 


710 


75*1 


796 


848 


XX 


43*2 


44'7 


46-2 


47-8 


49*6 


515 


537 


560 


58-5 


6i-3 


644 


678 


717 


76-1 


81 -o 


"i 


41-4 


427 


44'2 


45'8 


47*5 


49'3 


51-3 


53-6 


560 


587 


616 


649 


68-6 


^1 


77'5 


X2 


39'7 


410 


42-4 


439 


45*5 


473 


49*2 


51*4 


537 


563 


59*1 


623 


658 


698 


74*3 


124 


38-1 


39'4 


407 


42'2 


43*7 


45'4 


47*3 


49*3 


51-6 


540 


568 


59-8 


63-2 


67-0 


71-4 


13 


367 


37'9 


39'2 


406 


421 


437 


45*5 


47'5 


496 


520 


546 


57'5 


60-8 


645 


687 


i3i 


35*3 


365 


37'7 


39' I 


40-5 


42-1 


43*9 


45'7 


47-8 


501 


52-6 


55*4 


586 


62*2 


66-2 


14 


34' I 


35'2 


36-4 


37'7 


391 


407 


423 


44-1 


461 


483 


508 


53'5 


566 


6o-o 


639 


Mi 


33'o 


34-0 


35*2 


36-4 


37-8 


393 


4<f9 


426 


44-6 


467 


491 


517 


546 


580 


617 


15 


31-9 


329 


34'o 


35'3 


366 


380 


39'6 


41-3 


431 


452 


475 


50- 


529 


56-1 


59'7 


i5i 


309 


31*9 


33-0 


34-1 


35*4 


36-8 


383 


40*0 


41-8 


43-8 


46-0 


484 


512 


^1 


57-8 


16 


299 


309 


32*0 


33*1 


34'3 


357 


37-1 


387 


405 


424 


44-6 


470 


496 


526 


561 


i6i 


29- 1 


300 


31-0 


32- 1 


333 


34-6 


360 


37-6 


39'3 


41-2 


43'3 


45-6 


482 


511 


54'4 


17 


282 


291 


30*1 


31-2 


324 


33-6 


350 


36-5 


382 


400 


420 


443 


468 


49*6 


529 


17* 


27-4 


28-3 


293 


30-3 


31-5 


327 


34-0 


35*5 


37' I 


389 


409 


430 


45'5 


483 


51-4 


18 


267 


276 


285 


295 


306 


31-8 


33*1 


34-6 


361 


37-8 


39-8 


41-9 


443 


47-0 


500 


18} 


26-0 


26*9 


27-8 


28-8 


298 


3i'o 


323 


337 


35-2 


369 


387 


40-8 


43*1 


45*7 


487 


19 


253 


26* 2 


27-1 


280 


29*1 


302 


31-4 


328 


343 


359 


377 


39-8 


420 


44*6 


47-5 


19} 


247 


25*5 


26*4 


273 


28-4 


295 


307 


320 


334 


35-0 


368 


388 


410 


435 


463 


20 


241 


24-9 


25-8 


267 


277 


288 


29'9 


31-2 


326 


34'2 


35*9 


37-8 


40- 


424 


45-2 


20J 


236 


243 


252 


26-1 


270 


281 


292 


305 


31-9 


33-4 


35'i 


37-0 


39- 1 


41-4 


441 


21 


23-0 


238 


246 


255 


26-4 


27-4 


286 


298 


3i'i 


32-6 


34*3 


36-1 


38-2 


405 


43-1 


21) 


22*5 


232 


240 


249 


258 


268 


279 


29-1 


305 


31-9 


33'5 


35*3 


37-3 


39*6 


422 


22 


22*0 


227 


235 


24-4 


253 


26-3 


273 


285 


298 


31-2 


328 


34-6 


365 


38-7 


41-3 


22J 


21-6 


22-3 


230 


238 


247 


257 


268 


279 


292 


30*6 


321 


33-8 


35'8 


37'9 


404 


23 


2I-I 


21-8 


22-5 


233 


242 


252 


26*2 


273 


28-6 


299 


31-4 


33' I 


35'o 


37*1 


396 


23i 


207 


2i'4 


22* I 


22*9 


237 


247 


257 


268 


280 


29*3 


308 


325 


34'3 


36-4 


388 


24 


20'3 


209 


217 


224 


23-3 


242 


252 


26- 3 


27-4 


28-8 


302 


31-8 


33-6 


357 


380 


24i 


199 


20- 5 


21-2 


220 


22-8 


237 


247 


257 


269 


282 


296 


31*2 


33'0 


35-0 


^n 


25 


195 


20-2 


20-8 


21-6 


22-4 


233 


242 


253 


264 


277 


291 


306 


32*4 


34-3 


366 


25i 


19-2 


198 


20-5 


21-2 


220 


22-8 


238 


24-8 


259 


272 


285 


301 


31-8 


33-7 


35*9 


26 


18-8 


194 


20' I 


20-8 


21-6 


224 


23'4 


244 


25-5 


267 


280 


295 


31-2 


331 


353 


26} 


i8-5 


191 


197 


204 


21-2 


220 


22*9 


239 


250 


262 


27-5 


29*0 


307 


325 


34-6 


27 


i8-2 


i8-8 


19*4 


20- 1 


20-8 


217 


22*5 


235 


246 


258 


27- 1 


285 


301 


320 


340 


27J 


17-9 


i8-5 


19-1 


19-8 


205 


21-3 


22*2 


23- 1 


242 


253 


266 


280 


29-6 


31-4 


33'5 


28 


17-6 


i8-i 


i8-8 


19-4 


20-2 


20'9 


21-8 


227 


238 


249 


262 


27-6 


29- 1 


309 


329 


28i 


I7'3 


17-9 


i8-5 


19-1 


19-8 


206 


21-5 


224 


23*4 


245 


257 


27-1 


287 


30-4 


324 


29 


17-0 


176 


i8-2 


i8-8 


19-5 


20-3 


21*1 


220 


230 


24-J 


253 


267 


282 


299 


31-9 


29i 


i6'8 


i7'3 


17-9 


i8-5 


19-2 


200 


208 


217 


227 


238 


250 


26-3 


27-8 


29-5 


31*4 


30 


i6-5 


170 


176 


i8-2 


18-9 


197 


205 


21 4 


223 


234 


246 


259 


27*4 


290 


309 



To convert time into longitude divide by 4. Thus 29-2S. -f- by 4 = 7-3' longitude. 
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Table D. 

Showing the Error produced in the Time or I.ongitude by an Error of i' in thk 

Altitude. 



j 


LATITUDES. 1 


Tr 


TP 


IT 


W> 


¥3P 


8OJ0 


•1° 


«li° 


8S» 


sajo 


W> 


•Si'* 


840 


uar 


88» 


o 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


oi 


1895 


2038 


2205 


2402 


2640 


2777 


2930 


3101 


3294 


3512 


3761 


4049 


4385 


4782 


5259 


I 


947 


1019 


1 102 


1 201 


1320 


1389 


1466 


1551 


1647 


1756 


1881 


2025 


2193 


2391 


2630 


'i 


632 


679 


735 


801 


880 


926 


977 


1034 


1098 


1171 


1254 


1350 


1462 


1594 


1753 


2 


474 


510 


551 


6oi 


660 


694 


733 


775 


824 


878 


940 


1012 


1096 


1 193 


1315 


*1 


379 


408 


441 


481 


528 


556 


5«6 


62c 


659 


703 


752 


810 


877 


957 


1052 


3 


316 


340 


368 


401 


440 


463 


4891 517 


549 


586 


627 


675 


731 


797 


•877 


3i 


271 


291 


315 


343 


377 


397 


419 


443 


471 


502 


538 


579 


627 


684 


752 


4 


237 


255 


276 


301 


330 


347 


367 


388 


412 


439 


471 


507 


549 


598 


'658 


4i 


211 


227 


245 


267 


294 


309 


326 


345 


366 


391 


418 


450 


488 


532 


585 


5 


190 


204 


221 


241 


264 


278 


293 


310 


330 


352 


377 


405 


439 


479 


527 


5i 


173 


186 


201 


219 


240 


253 


267 


282 


300 


320 


342 


369 


399 


435 


479 


6 


158 


170 


184 


201 


220 


232 


245 


259 


275 


293 


314 


338 


366 


399 


439 


6J 


146 


157 


170 


185 


203 


214 


226 


239 


254 


271 


290 


312 


338 


369 


405 


7 


136 


146 


158 


172 


189 


199 


210 


222 


236 


251 


269 


290 


314 


343 


377 


71 


127 


136 


147 


161 


176 


186 


196 


207 


220 


235 


251 


271 


293 


320 


352 


8 


119 


128 


138 


151 


166 


'I^ 


184 


194 


207 


220 


236 


254 


275 


300 


330 


H 


112 


120 


130 


142 


156 


164 


173 


183 


194 


207 


222 


239 


259 


282 


3" 
293 


9 


106 


"1 


123 


134 


147 


155 


163 


173 


184 


196 


210 


226 


245 


267 


9i 


100 


108 


"7 


127 


140 


147 


155 


164 


174 


186 


199 


214 


232 


253 


278 


10 


95*2 


102 


III 


121 


133 


140 


147 


156 


166 


176 


189 


203 


220 


240 


264 


lOl 


90-7 


976 


106 


"5 


126 


133 


140 


148 


158 


168 


180 


'2^ 


210 


229 


252 


It 


86-7 


93*2 


lOI 


no 


121 


127 


134 


142 


151 


161 


172 


185 


201 


219 


241 


"i 


829 


892 


965 


105 


116 


122 


128 


136 


144 


154 


165 


177 


192 


209 


230 


12 


795 


^5'5 


925 


lOI 


III 


117 


123 


130 


138 


147 


158 


170 


184 


201 


221 


I2J 


764 


82*2 


88*9 


969 


X06 


IZ2 


118 


125 


133 


142 


152 


163 


177 


193 


212 


13 


73'5 


790 


855 


932 


102 


108 


"4 


120 


128 


136 


146 


157 


170 


186 


204 


I3i 


708 


762 


824 


89-8 


987 


104 


no 


116 


123 


131 


141 


'5? 


164 


179 


197 


14 


68-3 


73-5 


795 


867 


95*2 


100 


106 


112 


119 


127 


136 


146 


158 


173 


190 


Hi 


660 


710 


768 


837 


920 


968 


102 


108 


"5 


122 


131 


141 


153 


167 


183 


15 


639 


687 


743 


81*0 


890 


93'6 


988 


105 


III 


118 


127 


137 


148 


161 


177 


15* 


61-9 


66-5 


720 


78-4 


86-2 


907 


957 


lOI 


108 


"5 


123 


132 


143 


156 


172 


16 


6o'o 


645 


698 


76*0 


836 


87-9 


928 


982 


104 


III 


119 


128 


139 


151 


167 


i6i 


582 


626 


677 


73-8 


811 


853 


900 


953 


lOI 


108 


116 


124 


135 


147 


161 


17 


56-6 


6o-8 


65-8 


717 


788 


829 


87-5 


92*6 


983 


105 


112 


121 


131 


143 


157 


171 


550 


591 


64-0 


697 


766 


8o*6 


850 


900 


95-6 


102 


109 


118 


127 


139 


153 


18 


53*5 


57*5 


623 


678 


74*5 


784 


827 


876 


930 


99*2 


106 


114 


124 


135 


149 


18J 


52- 1 


56*0 


606 


661 


726 


764 


806 


853 


906 


966 


103 


III 


121 


132 


145 


19 


508 


54-6 


591 


644 


708 


744 


78-5 


83-1 


88-3 


94" I 


lOI 


109 


1x8 


128 


141 


19* 


495 


53*3 


57-6 


62-8 


690 


726 


76-6 


811 


861 


91-8 


983 


106 


"5 


125 


137 


20 


483 


520 


563 


61-3 


67-4 


70-9 


74-8 


791 


84-0 


896 


96*0 


103 


112 


122 


134 


20i 


47*2 


50-8 


549 


59*9 


658 


692 


730 


77-3 


821 


87-5 


937 


lOI 


109 


119 


131 


21 


461 


496 


537 


58-5 


643 


676 


71*4 


75-5 


802 


85-5 


91*6 


98-6 


107 


1x6 


128 


21I 


451 


48-5 


525 


57*2 


62-9 


661 


698 


73-8 


78-4 


836 


89-6 


964 


104 


114 


125 


22 


441 


47-5 


51*4 


560 


615 


647 


68-3 


722 


767 


8r8 


87-6 


94*3 


102 


III 


123 


22j 


43-2 


465 


50-3 


54-8 


6o-2 


633 


66-8 


707 


75-1 


8o-i 


85-8 


923 


100 


109 


120 


23 


423 


45*5 


49-a 


537 


590 


620 


654 


693 


73-6 


78-4 


84-0 


?2*^ 


97*9 


107 


117 


23i 


41-5 


44-6 


48-2 


526 


57-8 


60*8 


64*1 


67-9 


721 


76-9 


823 


88-6 


960 


105 


"5 


24 


407 


437 


47*3 


51*5 


566 


596 


629 


66-5 


707 


753 


807 


86-9 


94-1 


103 


"3 


Hi 


39*9 


429 


46-4 


505 


555 


584 


617 


653 


693 


739 


791 


85-2 


923 


lOI 


III 


25 


39-1 


421 


45-5 


49*6 


54*5 


57*3 


60-5 


64*0 


680 


72-5 


777 


83-6 


90-5 


988 


109 


25i 


384 


41-3 


447 


487 


535 


56-3 


594 


629 


66-8 


71-2 


762 


82- 1 


889 


96-9 


107 


26 


37*7 


40*0 


439 


47-8 


525 


553 


58-3 


617 


656 


69-9 


749 


8o-6 


87-3 


95'2 


105 


26i 


371 


39*9 


431 


470 


51-6 


543 


57*3 


606 


64-4 


687 


736 


79-2 


85-8 


93*5 


X03 


27 


364 


392 


424 


46*2 


507 


534 


56-3 


59-6 


633 


675 


72-3 


77-8 


84-3 


91-9 


1 01 


27i 


35-8 


38-5 


417 


45-4 


49*9 


525 


55*4 


58-6 


62-2 


66-4 


7ri 


765 


829 


904 


99-4 


28 


35*2 


37-9 


41-0 


447 


49-1 


51-6 


54*5 


57-6 


61-2 


653 


699 


75-3 


8i-5 


88-9 


97-8 


281 


34*7 


37*3 


40-3 


43*9 


483 


50-8 


53-6 


567 


6o-2 


64-2 


68-8 


74*1 


8o-2 


87-5 


962 


29 


34-1 


367 


397 


43-2 


47'5 


500 


527 


55-8 


593 


632 


677 


729 


78-9 


861 


947 


29i 


33-6 


361 


39*1 


42-6 


468 


49*2 


51*9 


55-0 


58-4 


62*2 


667 


71-8 


777 


84-8 


93*2 


30 


331 


35-6 


38-5 


41-9 


46-1 48-5 


51-1 


541 


57*5 


61-3 65-6 


707 


76-5 


83-5 


91*8 



To convert time into longitude divide by 4. Thus 50-83. -1- by 4 :■ 127' longitude. 
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Table D. 

Showing thb Error producbd in thb Timb or Longitudb by an Error of i' in thb 

















Altitudb 
















1 


LATITUDES. 1 


01« 


«r 


68» 


M<> 


W 


6r> 


er 


er 


er 


•»*» 


W 


W 


719 


ni» 


Tap 


o 


s. 


s. 


s. 


8. 


s. 


s. 


8. . 


s. 


8. 


8. 


8. 


s. 


8. 


8. 


s. 


30 


i6-5 


17-0 


17-6 


i8-2 


18-9 


197 


20-5 


21-4 


22'3 


22-8 


23'4 


24'0 


24-§ 


252 


25-9 


31 


i6'o 


i6-5 


17-1 


177 


18-4 


19-1 


19-9 


207 


217 


22*2 


227 


23-3 


239 


24-5 


25' I 


32 


15-6 


i6-i 


i6-6 


17-2 


17-9 


i8-6 


19-3 


20*I 


21*1 


21-6 


22'I 


22'6 


23*2 


238 


24'4 


33 


15-1 


15-6 


i6-2 


i6-8 


17-4 


i8-i 


i8-8 


19*6 


20'5 


2I-0 


21-5 


22'0 


22'6 


23-1 


23-8 


34 


14-8 


15-2 


15-8 


16-3 


i6*9 


17-6 


i8-3 


19-1 


20-0 


20'4 


20-9 


21-4 


22'0 


22-5 


23-1 


35 


14-4 


14-9 


15-4 


15-9 


i6-5 


17-1 


17-8 


i8-6 


19-5 


I9'9 


20'4 


20'9 


21-4 


22*0 


22-6 


36 


14-0 


14-5 


15-0 


15-5 


i6-i 


167 


i7'4 


i8-2 


I9'0 


I9'4 


19-9 


20*4 


20'9 


21'4 


22'0 


37 


137 


14-2 


14-6 


15-2 


157 


i6-3 


17-0 


177 


i8'5 


19-0 


I9'4 


i9'9 


20'4 


20-9 


21'5 


38 


13-4 


13-8 


14-3 


14-8 


15-4 


i6-o 


i6-6 


17-3 


i8-i 


i8'6 


19*0 


19-5 


20'0 


20-5 


21'0 


39 


lyi 


13-5 


14-0 


14*5 


15-0 


15-6 


16-3 


17-0 


177 


i8-i 


i8'6 


19*0 


i9'5 


20'0 


20'6 


40 


12-8 


13-3 


137 


14-2 


147 


15-3 


15-9 


i6-6 


17-4 


17-8 


i8-2 


i8-6 


19' I 


19-6 


20-I 


41 


12*6 


130 


13-4 


13-9 


14-4 


15-0 


15-6 


i6-3 


i7'0 


I7'4 


I7'8 


i8'3 


187 


I9'2 


197 


42 


12-3 


127 


13-2 


13-6 


14-1 


147 


15*3 


i6*o 


16-7 


I7'i 


17-5 


i7'9 


i8'4 


i8'8 


19-3 


43 


12*1 


12-5 


12-9 


13-4 


13-9 


14-4 


15-0 


157 


i6'4 


i6'7 


17-1 


17-6 


i8*o 


i8'5 


19-0 


44 


11-9 


12-3 


127 


I3-I 


13-6 


14-2 


147 


15-4 


i6'i 


i6'4 


i6-8 


i7'3 


177 


i8'i 


i8-6 


^5 


11-7 


I2-0 


12-5 


12*9 


13-4 


13-9 


14-5 


15-1 


15-8 


l6'2 


I6'5 


i6'9 


17-4 


17-8 


18-3 


46 


n-5 


n-8 


12-2 


127 


132 


137 


14-2 


14-8 


15-5 


15*9 


i6-3 


i6'7 


i7'i 


17*5 


i8'o 


47 


II-3 


II-6 


I2-0 


12-5 


12-9 


13-4 


14*0 


14-6 


15*3 


I5'6 


i6'o 


i6'4 


i6'8 


I7'2 


177 


48 


ii-i 


II-5 


II-9 


12-3 


127 


13-2 


13-8 


14-4 


i5'0 


15-4 


157 


i6-i 


.16-5 


i7'o 


17-4 


49 


i0'9 


II-3 


117 


I2'I 


12-5 


13-0 


13-6 


I4'i 


14-8 


I5'i 


^5'5 


15-9 


i6'3 


i6'7 


17-2 


50 


IO-8 


ii*i 


11-5 


II-9 


12^4 


12-8 


13-4 


13-9 


14-6 


14-9 


15-3 


15-6 


i6'0 


i6'5 


16-9 


51 


io'6 


II'O 


II-3 


117 


12-2 


127 


132 


137 


I4'4 


147 


i5'o 


15-4 


15*8 


l6'2 


167 


52 


IO-5 


IO-8 


II-2 


II-6 


I2'0 


12-5 


lyo 


13-6 


14-2 


14-5 


I4'8 


I5'2 


15-6 


i6'o 


16-4 


53 


10-3 


107 


II'O 


II-4 


11*9 


12-3 


12-8 


13*4 


I4'0 


I4'3 


14-6 


15-0 


15-4 


15-8 


i6-2 


54 


IO'2 


IO-5 


io'9 


n-3 


117 


I2'2 


127 


13-2 


13-8 


I4-I 


H'5 


14-8 


15*2 


15-6 


i6-o 


55 


lO-I 


IO-4 


10-8 


ii'i 


H'5 


I2-0 


12-5 


13-0 


13-6 


13-9 


14-3 


14-6 


I5-0 


15*4 


15-8 


56 


9-95 


IO-3 


io'6 


II'O 


II-4 


119 


123 


12*9 


13-5 


13-8 


i4'i 


14-5 


14-8 


I5'2 


15-6 


57 


9-84 


10-2 


IO-5 


io*9 


11-3 


117 


12*2 


127 


13*3 


I3'6 


13-9 


14-3 


I4'6 


I5'0 


15-4 


58 


973 


lO'O 


10-4 


IO-8 


11*2 


II-6 


I2-I 


12-6 


13*2 


13-5 


I3'8 


14-1 


14*5 


I4'9 


15-3 


59 


9-63 


9*94 


IO-3 


io*6 


II-O 


II-5 


II-9 


12-5 


13-0 


13-3 


I3'6 


14-0 


14-3 


147 


15-1 


60 


9*53 


9-84 


10*2 


IO-5 


io'9 


II-4 


II-8 


12-3 


I2'9 


I3'2 


13-5 


13-8 


I4'2 


I4'6 


14-9 


61 


9*43 


974 


ID- 1 


IO-4 


10-8 


II'2 


117 


12*2 


I2'8 


13-1 


13-4 


137 


I4'0 


I4'4 


14-8 


62 


9-34 


9-65 


lO'O 


IO-3 


107 


II-I 


II-6 


I2-I 


I2'6 


12-9 


I3'2 


13-6 


I3'9 


14-3 


147 


63 


9*26 


9-56 


9-89 


IO-2 


10*6 


II'O 


"•5 


I2*0 


I2'5 


12-8 


lyi 


13*4 


13-8 


14-1 


14-5 


64 


9'i8 


9*48 


9-80 


IO'2 


10-5 


10*9 


II-4 


II-9 


12-4 


I2'7 


I3'0 


X3'3 


137 


14-0 


14-4 


65 


9-10 


9-40 


972 


10* Z 


10-4 


10*9 


II-3 


II-8 


12-3 


12-6 


I2'9 


I3'2 


136 


13*9 


14-3 


66 


9-03 


9*33 


9-64 


9.99 


10-4 


IO-8 


H-2 


117 


I2'2 


I2'5 


12-8 


i3'i 


I3'4 


13-8 


14-2 


67 


8-96 


9' 26 


9-57 


9-91 


IO-3 


107 


ii-i 


1 1-6 


I2'I 


I2'4 


I2'7 


lyo 


13-3 


137 


14-1 


68 


8-90 


9-19 


9*50 


9-84 


IO'2 


IO-6 


ii-o 


II-5 


12*0 


12-3 


12-6 


I2'9 


13*3 


13-6 


14-0 


69 


8-84 


9-13 


9*44 


977 


lo-i 


IO-5 


II'O 


II-4 


12'0 


I2'2 


I2'5 


I2'8 


13-2 


13-5 


13-9 


70 


878 


9-07 


9-38 


971 


lO-I 


10-5 


10*9 


II-4 


II'9 


I2'2 


I2'4 


12-8 


13-1 


13-4 


13-8 


71 


873 


' 9*oi 


932 


965 


lo-o 


io*4 


IO-8 


II-3 


II'8 


12-1 


I2'4 


I2'7 


i3'o 


13-3 


137 


72 


8-68 


8-96 


9*26 


9*59 


9*95 


103 


IO-8 


11*2 


117 


I2'0 


I2'3 


I2'6 


I2'9 


13*3 


13-6 


73 


8-63 


8-91 


9*21 


9*54 


9-90 


IO-3 


107 


II-2 


117 


II'9 


I2'2 


I2'5 


I2'8 


I3'2 


135 


74 


8-58 


8-86 


9-17 


9*49 


9-85 


IO-2 


io'6 


II'I 


II'6 


ii'9 


12-2 


I2'5 


12-8 


I3'i 


13*5 


75 


8-54 


8-82 


9-12 


9*45 


9-80 


10*2 


io'6 


II'I 


II-6 


ii'8 


I2'I 


I2'4 


I2'7 


I3'i 


13*4 


76 


8-50 


878 


9'o8 


9-40 


975 


lO-I 


IO-6 


II'O 


"•5 


ii'8 


I2'I 


I2'3 


127 


13-0 


133 


77 


8-47 


874 


9-04 


9-36 


971 


lO-I 


IO-5 


II'O 


n*5 


117 


I2'0 


I2'3 


12-6 


I2'9 


133 


78 


8-44 


871 


901 


9-33 


9-68 


lO'I 


IO-5 


10-9 


ii'4 


117 


I2'0 


I2'3 


I2'6 


I2'9 


13-2 


79 


8-41 


8-68 


8-98 


9-30 


9-64 


lO-O 


IO-4 


io'9 


ii'4 


ii'6 


II'9 


I2'2 


I2'5 


12-8 


13-2 


80 


8-38 


8-65 


8-95 


9-27 


9*6i 


9.99 


IO-4 


iO'8 


ii'3 


ii'6 


II'9 


I2'2 


I2'5 


I2'8 


I3-I 


81 


8-35 


8-63 


8-92 


9-24 


9-58 


9-96 


IO-4 


IO-8 


ii'3 


11-6 


II'8 


I2'I 


I2'4 


12-8 


13-1 


82 


8-33 


8-6o 


8-90 


9-21 


9-56 


9*93 


10-3 


10-8 


11*3 


ii'5 


ii'8 


I2'I 


I2'4 


I2'7 


i3'i 


83 


8-31 


8-58 


8-88 


9-19 


9-54 


9-91 


10-3 


iO'8 


II'2 


ii'5 


ii'8 


I2'I 


I2'4 


127 


13-0 


84 


8-30 


8-57 


8-87 


9-17 


9-52 


9-89 


IO-3 


IO-7 


II'2 


ii'5 


ii'8 


I2'0 


I2'4 


127 


i3'o 


85 


8-28 


8-55 


8-84 


9'i6 


9-50 


9-87 


20-3 


io'7 


II'2 


ii'5 


117 


I2'0 


I2'3 


127 


I3'0 


86 


8-27 


8-54 


8-83 


9-15 


9'49 


9*86 


IO-3 


107 


II'2 


ii'4 


1^7 


I2*0 


I2'3 


I2'6 


I3'0 


87 


8-26 


8-53 


8-82 


9-14 


9-48 


9-85 


10-3 


iO'7 


II'2 


ii'4 


117 


I2'0 


I2'3 


I2'6 


I3'0 


88 


8-26 


8-53 


8-82 


. 9-13 


9*47 


9-84 


IO*2 


io'7 


11*2 


ii'4 


117 


I2'0 


I2'3 


I2'6 


i3'o 


89 


8-25 


8-52 


8-8i 


9-13 


9*47 


9-84 


IO-2 


107 


11*2 


ii'4 


ii'7 


I2'0 


I2'3 


12-6 


12*9 


90 


8-25 


8-52 


8-8i 


9-12 


9-46 


9-83 


IO-2 


io'7 


11*2 


II-4 


ii'7 


I2'0 


I2'3 


12-6 


12'9 



To convert time into longitude divide by 4. Thus 12 s. -f- 4 = 3' long. 
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Showing the Error produced in 



Table D. 
THE Time or Longitude by am Error of x' 

Altitude. 



ZN THE 



OB 
1 


LATITUDES. 


78° 


74° 


76° 


78° 


770 


78° 


79° 


M° 


81» 


tt° 


Bap 


88i° 


84° 


sMr 


85° 


O 


s. 


S. 


s. 


S. 


s. 


s. 


s. 


S. 


s. 


s. 


s. 


s. 


s. 


s. 


s. 


30 


27-4 


29*0 


30-9 


33-1 


35-6 


38-5 


41-9 


46-1 


5I-I 


57*5 


65-6 


707 


76-5 


83-5 


91-8 


31 


26-6 


28-2 


30-0 


32-1 


34-5 


37-4 


407 


447 


49-6 


55-8 


637 


68-6 


74*3 


8i-o 


89-1 


32 


25.8 


27-4 


29-2 


31-2 


33-6 


36-3 


39-6 


43*5 


48-3 


54-2 


6i'9 


667 


72-2 


78-8 


86-6 


33 


25-1 


26-6 


28-4 


30-4 


32-6 


35'3 


38-5 


42-3 


46-9 


52-8 


60-3 


64-9 


70-3 


76-6 


84-3 


34 


24-5 


26*0 


27-6 


29'6 


31-8 


34-4 


37*5 


41-2 


457 


51-4 


587 


63*2 


68-4 


74-6 


82-1 


35 


23-9 


25*3 


26-9 


28-8 


31-0 


33*5 


36-5 


40-2 


44-6 


50-1 


57-2 


6i-6 


667 


72-8 


8o-o 


36 


23-3 


247 


26-3 


28-1 


30-3 


327 


357 


39-2 


43*5 


48-9 


55-8 


6o'i 


65-1 


71-0 


78-1 


37 


227 


24-1 


257 


27*5 


29-5 


32-0 


34-8 


38-3 


42-5 


47-8 


54-5 


587 


63-6 


69-4 


76-3 


38 


22*2 


23-6 


25-1 


26*9 


28-9 


31-2 


34-0 


37*4 


41*5 


467 


53-3 


57*4 


62-2 


67-8 


74*5 


39 


217 


23-1 


24-6 


26-3 


28-3 


30-6 


33-3 


36-6 


40*6 


457. 


52-2 


56-1 


6o-8 


66-3 


72-9 


40 


21-3 


22-6 


24*0 


257 


277 


29-9 


32*6 


35-8 


39-8 


447 


5I-I 


55-0 


59'5 


64-9 


71-4 


41 


20-9 


22-1 


23-6 


25-2 


27-1 


29-3 


32-0 


35*1 


39-0 


43-8 


50*0 


53*9 


58-3 


63-6 


70*0 


42 


20*4 


217 


23-1 


247 


26-6 


28-8 


31-3 


34-4 


38-2 


43-0 


49-1 


52-8 


57*2 


62-4 


68-6 


43 


20*I 


21-3 


227 


24*2 


26-1 


28-2 


307 


33-8 


^n 


42-1 


48-1 


51-8 


56-1 


6i-2 


67-3 


44 


197 


20*9 


22-2 


23-8 


25*6 


277 


30*2 


33-2 


36-8 


41-4 


47-2 


50-9 


55*1 


6o-i 


66-1 


45 


19*3 


20*5 


21'9 


23*4 


25-1 


27*2 


29*6 


32-6 


36*2 


40'6 


46-4 


50*0 


54-1 


59*o 


64-9 


46 


19*0 


20'2 


21-5 


23*0 


247 


267 


29-1 


32-0 


35*5 


40*0 


45-6 


49-1 


53*2 


58-0 


63-8 


47 


187 


19-8 


2I'I 


22»6 


24*3 


26-3 


287 


31-5 


35-0 


39-3 


44''9 


48-3 


52-3 


57*1 


627 


48 


i8-4 


19-5 


20-8 


22*2 


23-9 


25-9 


28-2 


3I-0 


34*4 


387 


44-2 


47*5 


51*5 


56-2 


6i-8 


49 


i8-i 


19-2 


20-5 


21-9 


23-6 


25*5 


27-8 


30-5 


33*9 


38-1 


43-5 


46-8 


507 


55-3 


6o-8 


50 


17-9 


i8*9 


20'2 


21'6 


232 


25-1 


27-4 


301 


33-4 


37-5 


42-9 


46-1 


50'o 


54*5 


59*9 


51 


17-6 


187 


19-9 


21-3 


22*9 


24-8 


27-0 


29-6 


32*9 


37'0 


42-2 


45'5 


49-2 


537 


59' I 


52 


17-4 


18-4 


19-6 


21*0 


22*6 


24*4 


26-6 


29-2 


32-5 


36-5 


417 


44-8 


48-6 


53*0 


58-2 


53 


17-1 


i8-2 


19-4 


207 


22-3 


24-1 


26-2 


28-8 


32-0 


36-0 


4I-I 


44-2 


47-9 


52-3 


57-5 


54 


i6*9 


17-9 


19-1 


20-4 


22*0 


23-8 


25-9 


28-5 


31-6 


35*5 


40*6 


437 


47'3 


51-6 


567 


55 


167 


177 


18-9 


20-2 


217 


23-5 


25-6 


28-1 


31-2 


35-1 


40-I 


43-1 


467 


50-9 


56-0 


56 


16-5 


17-5 


i8-6 


19-9 


21-4 


232 


25*3 


27-8 


30-8 


347 


39-6 


42-6 


46-2 


50-3 


55-4 


57 


i6-3 


17-3 


i8-4 


197 


21*2 


22*9 


25-0 


27-5 


30-5 


34*3 


39-1 


42-1 


45-6 


49-8 


547 


58 


i6-i 


17-1 


i8-2 


19-5 


2I*0 


227 


247 


272 


30-2 


33*9 


387 


417 


45*1 


49-2 


54*1 


59 


i6'o 


i6'9 


i8-o 


19-3 


207 


22-4 


24-5 


26-9 


29-8 


33*5 


38-3 


41-2 


44-6 


487 


53*5 


60 


15-8 


i6-8 


17-8 


I9-I 


20-5 


22*2 


24-2 


26-6 


29-5 


33-2 


37-9 


40-8 


44-2 


48-2 


53-0 


61 


15-6 


i6-6 


177 


18-9 


20-3 


22-0 


24*0 


26-3 


29-2 


32-9 


37-5 


40-4 


43-8 


477 


52-5 


62 


15-5 


i6-4 


17-5 


187 


20*I 


21-8 


237 


26-1 


29-0 


32-6 


37-2 


40*0 


43*3 


47*3 


52-0 


63 


15-3 


16-3 


71-3 


i8-6 


20-0 


21-6 


23*5 


25-9 


287 


32-3 


36-8 


397 


42-9 


46-8 


51-5 


64 


15-2 


l6-i 


17-2 


i8-4 


19-8 


21-4 


233 


256 


28-4 


32-0 


36-5 


39'3 


42-6 


46-4 


5I-I 


65 


15-1 


i6'0 


17-1 


i8-2 


19*6 


21*2 


23-1 


25-4 


28-2 


317 


36-2 


39-0 


42-2 


46*0 


50-6 


66 


15-0 


15-9 


16-9 


i8-i 


19-5 


2I'I 


22-9 


252 


28-0 


31*5 


35*9 


387 


4r-9 


457 


50-2 


67 


14-9 


15-8 


i6-8 


i8-o 


19-3 


20'9 


22-8 


25-0 


27-8 


31-2 


357 


38-4 


41-6 


453 


49*9 


68 


14-8 


157 


167 


17-8 


19-2 


207 


22*6 


24-8 


27-6 


310 


35'4 


38-1 


4i'3 


45'0 


49*5 


69 


147 


^5-5 


i6-6 


177 


19-0 


20*6 


22*5 


247 


27-4 


30-8 


35-2 


37-8 


41-0 


447 


49*2 


70 


14-6 


15-4 


i6-4 


17*6 


18-9 


20-5 


22-3 


24-5 


27-2 


30-6 


34*9 


37*6 


407 


44*4 


48-8 


71 


14*5 


15-3 


16-3 


17-5 


i8-8 


20*3 


22*2 


24-4 


27-0 


30-4 


347 


37*4 


40-5 


44-1 


^•5 


72 


14-4 


15*3 


i6-3 


17-4 


187 


20'2 


22*0 


24-2 


26-9 


30-2 


34*5 


37-2 


40-2 


43*9 


48-3 


^73 


14-3 


15-2 


i6-2 


i7"3 


i8-6 


20' Z 


21-9 


24-1 


267 


30-I 


34'3 


36-9 


401 


43-6 


48-0 


74 


14-2 


lyi 


i6-i 


17-2 


i8-5 


20"0 


21-8 


24*0 


26-6 


29*9 


34-1 


36-8 


39-8 


43*4 


477 


75 


14-2 


15-0 


i6'o 


I7'i 


18-4 


19-9 


217 


23-8 


26-5 


29-8 


34*0 


36*6 


39-6 


43*2 


47'5 


76 


14-1 


15-0 


15-9 


17-0 


i8-3 


19-8 


21-6 


237 


26-4 


29*6 


33-8 


36.4 


39*4 


43-0 


47*3 


77 


14*0 


14-9 


15-9 


17-0 


i8-2 


197 


21-5 


23-6 


26*2 


29-5 


337 


36-3 


39*3 


42-8 


47-1 


78 


14-0 


14-3, 


15-8 


16-9 


i8-2 


197 


21-4 


23*5 


26-1 


29-4 


33-6 


36-1 


39-1 


427 


46-9 


79 


13-9 


14-8 


157 


i6-8 


i8-i 


19*6 


21-4 


23-5 


26*0 


29-3 


33*4 


36*0 


39.0 


42-5 


46-8 


80 


13-9 


147 


157 


i6-8 


i8-i 


19-5 


21-3 


23-4 


26*0 


29-2 


33*3 


35-9 


38-9 


42-4 


46-6 


8i 


13-9 


147 


15-6 


167 


i8-o 


19-5 


21*2 


23*3 


25*9 


29-1 


33-2 


35*8 


387 


42-3 


46-5 


82 


I3'8 


147 


15-6 


167 


i8-o 


19-4 


21-2 


23*3 


25-8 


29-0 


33*1 


357 


38-6 


42-1 


46-3 


83 


13-8 


14-6 


15-6 


167 


17-9 


19-4 


2I-I 


232 


25-8 


29*0 


33-1 


35-6 


38-6 


42-0 


46-2 


84 


13-8 


14-6 


15-5 


i6-6 


17-9 


19-3 


2I'I 


23*2 


257 


28-9 


33-0 


35*5 


38-5 


42*0 


46-1 


85 


137 


14-6 


i5'5 


i6-6 


17-8 


19-3 


2I*0 


23-2 


257 


28-9 


32*9 


35-5 


38-4 


41-9 


46-1 


86 


137 


14*5 


15-5 


i6-6 


17-8 


19-3 


21'0 


23*1 


25-6 


28-8 


32-9 


35-4 


38-4 


41-8 


46*0 


87 


137 


14*5 


15-5 


i6-6 


17-8 


19-3 


2J-0 


23*1 


25*6 


28-8 


32*9 


35-4 


38-3 


41-8 


46-0 


.88 


13*7 


14-5 


15-5 


i6-5 


17-8 


19-2 


2I-0 


23*0 


25*6 


28-8 


32-8 


35-4 


38-3 


41-8 


45*9 


89 


13-7 


14-5 


15-5 


i6-5 


17-8 


19*2 


2I-0 


23*0 


25*6 


287 


32-8 


35-3 


38-3 


417 


45*9 


90 


13*7 


14-5 


15-5 


16-5 


17-8 


I9'2 


21'0 


23-0 


25-6 


287 


32-8 


35-3 


38-3 


417 


45*9 
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Table E. 

CORRECTION OF SUN'S AI-TITUDE 

(Involving Dip, Rbfraction, Sbmidiambtbr, and Parallax). 

Add the Correction to the Altitude of the Lower Limb, 



Bon'a 


Height of the Eye, in Feet. 


Alt. 


Ht., 


Obe. 


















83 ft 


Alt. 


SI ft. 


83ft. 


86 ft. 


87 ft. 


80 ft. 


81ft. 


88 ft. 
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CORRECTION OF A STAR'S ALTITUDE. 
Subtract the correction. 
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Table P. 
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Table Q. 

STAR POLARIS AZIMUTH TABLE. 
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For the twelve hours before the meridian passage (above the Pole) it is east of north, and 
for the twelve hours after it is west of north. 



Diagram to illustrate the Apparent Motion of Star a Ursae Minoris (Polaris) round the Pole 
Declination of Star in 1910, 88° 49^' N. ; Right Ascension, i h. 27 m. 



OOHrs. 



a/Hrs. 



SHrs 




/2Hrs. 



62 



DIAGRAM TO AID IN FINDING THE POSITION OF SOUTH POLE. 

This diagram represents the apparent motion of the bright high-declination stars 
Achemar, Canopus, and those in the constellations of the Southern Cross and Centaurs- 
to an observer in the latitude of Wellington. New Zealand, in about 41° S. In this 
latitude none of these stars ever set, and they appear to describe a circle round an 
imaginary South Pole, with a radius equal to the co-declination of the star. The radius 
of a Crucis, for instance, is about 27^°. It will be seen from the diagram that /3 Cen- 
tauri and Achernar are always on opposite sides of the circle to one another, and 
that both stars are at nearly equal distances from the Pole ; therefore the approximate 
position of the South Pole in the heavens will always be at a point midway between 
these two stars. When /3 Centauri is on th6 meridian above the Pole, Achemar will 
be close to the meridian below the Pole, or when /3 Centauri is east of the Pole 
Achernar will be about the same distance west of the Pole. The Centaurs will appear 
in almost exactly the same position in the heavens at, say. 6 p.m. on any given day that 
Achernar was in at 6 a.m. on the same day, or the Centaurs will appear in almost 
exactly the same position at 6 p.m. on one day that Achernar was in at the same hour- 
of the day six months previously. 




JS/br^arv 



63 

GENERAL REMAKES. RULES, AND EXAMPLES. 



GENERAL REMARKS ON THE DOUBLE-ALTITUDE AND "SUMNER" 

PROBLEM. 

Many navigators undervalue " Sumner's" method in low latitudes; first, because 
of the small change of bearing between the usual times of taking the observations, and, 
secondly, because with a high altitude the circle of altitude or line of position is not to 
the same extent a straight line on the chart. But in practice I have found ' ' Sumner's ' 
method give equally good or better results in low latitudes than in high, if the observa- 
tions are taken— or, at any rate, the second one is taken — within an hour of noon, 
especially when latitude and declination are of same name, in which case the "Sumner " 
or double-altitude method is all the more valuable, as an ex-meridian of the sun by 
itself would not give a dependable latitude unless the observation was taken within a very 
few minutes from the meridian ; whereas in high latitudes an ex-meridian will often 
give a latitude fairly near the truth when the observation has been taken nearly an 
hour from the meridian. In low latitudes, when observations are taken on both sides 
of the meridian, 90° change of bearing may often be obtained within an hour. 

It is impressed on navigators in these pages by the numerous examples and 
illustrations following that the lines of position need never be of great length, so that 
they may always be considered as straight lines even in tropical latitudes. When D.R. 
latitude is very uncertain, and one of the observations has been taken anywhere near 
the meridian, it may be worked out as an ex-meridian, plotted on the chart, and com- 
bined with another observation taken near the prime vertical, which would be worked 
out for a longitude ; or two ex-meridian observations may be taken and plotted on the 
chart, an example of which is given on p. 82. Reviewers of former editions of this work 
have been much struck with the simplicity and practical value of this problem. Although 
the work is simplified by plotting the latitudes or longitudes on the chart, the resulting 
position is readily obtained by calculation without the aid of chart, as shown on 
pp. 71, 73, 77, and 78. 

As most ex-meridian tables and methods of calculation only give a correct latitude 
when the observation is taken not far from the meridian, a method is given in this work 
which gives a correct latitude corresponding to a given hour-angle when the sun or 
other celestial body is several hours away from the meridian.. The D.R. latitude is not 
used in this calculation. 

In obtaining the latitude by the double-altitude or " Sumner " method it is best, if 
the observations are taken on the same side of the meridian, for the same person to 
observe both ; and generally the truest latitude will be found if both observations are 
taken on the same side of the meridian, as it is probable that, if for any reason the 
altitude is observed too high or too low, the same thing will occur in both observations.. 
For the same reason the truest longitude will be found from observations taken on different 
sides of the meridian. An example to illustrate this is given on pp. 85 and 86. 

REMARKS ON P.M. OBSERVATIONS. 
Any one who is in the habit of regularly taking p.m. sights must have noticed 
the large differences which sometimes occur between a.m. and p.m. observa- 
tions, which is generally attributed to current, and some men have even been led 
to believe from this that p.m. sights are not of any value, as though the sun — or,, 
rather, the earth — did not move as uniformly in the afternoon as in the forenoon. The. 
principal difference between the result of the two observations is probably generally due 
to erroneous altitude, especially in rough weather, and sometimes, of course, to erroneous 
latitude, and the mean of the results from the two observations will generally be nearest 
the true position. It has often been noticed when there is a heavy sea on that p.m> 
sights place the longitude a long way to the eastward of the a.m. ones, owing probably 
to the sun being observed on the top of a wave, and consequently, the altitude being 
too small, an error which in the morning would place the ship to the westward of the 
true position, but in the afternoon just as much to the eastward of it ; so that, suppos- 
ing the ship to be in latitude 48° and the sun to be 30° from meridian at each observa- 
tion, an error in the latitude of 2' too little on both occasions would make a difference of 
12' of longitude, as may be seen from Table D, on p. 54. Suppose, then, that on the same 
occasion both observations have been worked with an error of 2' south of the true 
latitude ; this would make another difference of about lo^' of longitude, making the 
p.m. sights 22^' of longitude to eastward of the a.m. observation, and a slight easterly 
current in the interval between the two observations might easily make over 30' 
difference. Generally, no doubt, one of these errors will in a measure counteract 
another, but exceptional occasions are almost sure to arise when they will all combine, 
in the same direction. 
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rule for finding the position of ship from two observa- 
tions by aid of tables a. b. and c^ without the use of 
x:hart. 

From Two Chronometer Observations of the Sun. 

(i.) Let two chronometer observations be taken at an interval of about an hour 
nand a half or two hours,* and let the first be worked out with the D.R. latitude at 
the time of observation. 

(2.) Let the D.R. latitude and longitude thus obtained be corrected for the run 
•of the ship in the interval between the observations, and let the second observation be 
\worked with the corrected latitude. Name these longitudes (i) and (2). 

(2.) With the hour-angle, latitude, and declination at each observation, take out the 
<difference of longitude correction from Tables A and B, and name the position-lines 
corresponding to these corrections according to the instruction under the heading of 
Table C^ (p. 48). 

When both Position-lines go through the Same or Opposite Quadrants. 

(3.) The difference between the two A and B corrections will give the difference in 
the resulting longitudes due to i' of error in the latitude. (See example on p. 71.) 

When both Position-lines go through Adjacent Quadrants. 

(4.) The sum of the two A and B corrections will give the difference in the resulting 
longitudes due to i' of error in the latitude. (See example on pp. 77 and 78.) 

The error or correction to be applied to the D.R. latitude will then be found 
by dividing the di£ferei\ce between longitudes (i) and (2) by the sum or difference of the 
.A and B corrections. It must be applied to the latitude used in the last observation, 
and to the N. or S. according to whether the position-lines cut one another N. or S. of the 
D.R. latitude used in the calculation. 

To prevent the possibility of making a mistake in the application of the correction 
to the latitude, a short horizontal line representing the parallel of D.R. latitude may be 
drawn with a free hand in the work-book ; on this line put down longitudes (i) and (2), 
and roughly draw the position-lines through each longitude, following the rule for 
naming the position lines given on p. 48, under the heading of Table C^. No scale 
for longitude need be used, or protractor for laying down the bearings, but simply put 
longitude (i) or (2) to the right or left of the other, as they are to the east or west of 
one another, then draw the general trend of the position-lines through these two 
Jongitudes, thus : — 





For Stellar Observations. 

When finding the position of ship from stellar observations, it is best to observe 
'the altitude of two stars which have a considerable difference in bearing from one 
another, and to take both observations within a few minutes of the same time. If the 
:ship has not appreciably changed her position during the interval between the obser- 
vations, both observations may be worked with the same latitude, and no correction 
for run need be applied to the first-observation latitude or longitude. Otherwise the 
same rules apply as for the observations by the sun. 

When the ship has appreciably changed her position during the interval between 
the observations, rules Nos. i and 2 must be observed as in the sun observations. 



♦ Provided the sun's bearing has changed not less than two points. 
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From bx-Mbridian and Chronometbr Obsbrvation Combinbd. 

Let two observations be taken with a suitable difference in bearing between them, 
and let the one nearest the prime vertical be used for a longitude (working it with the 
D.R. latitude), and the otner one for a latitude, using the time deduced from the 
longitude found by observation in the calculation for latitude : bring both results up to 
the same instant of time-by applying the run in interval between the observations. 

Take out the A and B correction for the H.A. and latitude of each observation, and 
with this enter Table C* (p. 48) and take out the corresponding position-lines. We have 
then two latitudes and their corresponding position-lines starting from different points 
on the same meridian. Where these lines cut with one another on a plane chart will be 
the position of the ship. 

From the figure representing these positions and position-lines it will be easy for 
any one having a knowledge of plane trigonometry to complete the calculation. For the 
sake of those who have not this knowledge, examples taken from the problems given in 
this book are now given to illustrate the different cases. 



Example i (p. yg).—Obs4rvaHons East and West of Meridian. 
With lat. 41° o' S., long, by chron. from w Canopus gave 174® 30' E. and position- 



line S. 44i° E. 

With long. 174° 30' 
position-line N. 61° E. 

^ ^jLcu,. ^r O'S , 

^ Zorvq,/74'30£, 



O - 




E., lat. by ex-mer. of * a Centauri gave 41° 26' 40" S. and 



For the figure. — From A, in lat. 41^0' S. and 
long. 174° 30' E., draw a meridian-line to B, in 
lat. 41° 26' 40" S. ; from A and B draw the 
lines S. 44*^" E. and N. 61° E. respectively to 
cut one another at C. From C drop a perp. 
on A B at D. 



In the right angled triangles ADC and BDC 
the angles at C will be respectively 45^° and 29°, 
and therefore the angle at C in the a ABC 
will = 74^°. We then have in the A A B C, 
A = 44i°, C = 74i°, and AB = 26°7. First 
find fl, then BD, and next CD. 



a;^^ 






Formula 




^y^oi 






fl = A B • sin A 
B D = a • cos B 
C D = a • cos C 


cosec C 


36 'W'^. 












AB 

B 

C 

a 
B 




Log 14265 
Sm 98457 
Cosec o-oi6i 






Log 1-2883 
Cos 96856 




Cor. for lat. 


BD 

a 
C 


9'-42 

i9'-42 
29° 


Log 09739 

Log 12883 
Cos 9*9418 




Cor. for long. 


CD 


I/'O 


Log 1*2301 




Lat. by ex-mer. 41 26 40 S 
Cor. 9 as N 




Long, by chron. 
Cor. 


174 30 E 
17 E 


Correct lat. 41 17 


i?S 




Correct long. 


J74 47 E 



S—Az. 
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Example 2 (p. 76).— BoM ObsirpoHons on Same Side of Meridian. 
With lat. 46* 21' N., long, by chron. from o obsn. gave 14° 46' 55^ W. and position- 
line N. 320 E. 

With long. 14^ 46' 55" W., lat. by ex-mer. from second O obsn. gave 46^ 28' 30^ N. 
and position line N. 72® E. 

For the figure.— From B, in lat. 46® 21' N. and 14° 47' W., draw a meridian-line to 
C ::= lat. 46° 28^-5 N. ; and from B and C draw two lines N. 32® E. and N. 72^ E. respec- 
tively to cut one another at A. From A drop a perp. on B C produced at D. 




We now have in the right-angled triangle A B D 
angle B = 32® .*. A = 58*^ ; and in the right-angled 
triangle ACD angle C = 72** .-. A = 18° 

In the triangle ABC. A will therefore = 40® 

Then in the triangle ACB. B = 32°, A = 40°. 
and a = 7'*5 

First find 6. then CD = lat. cor., and AD = 
long. cor. 



Formula. 

6 = a • sin B * cosec A 
C D = 6 • cos C 
A D = 6 • cos A. 



leui, 4€ £/ jr 



B P 
A Jo° 

b 6'-i8 
C 7a° 


Log 0-8751 
Sin 9*7242 
Cosec 0*1919 

Log 0-7912 
Cos 9-49a> 


h 
A 

Cor. for long. A D 


6'-i8 Log 
18° Cos 

5'-885 Log 

5' 52-8 


0-7912 
9-9782 

07694 


Cor. for lat. CD i'qiq 


Log 0-2812 








I' 54" 


6 









Lat. by ex-mer. 46 28 30 N 
Cor. 1 55 N 

Correct lat. 46 30 25 N 



Long, by chron. 14 46 55 W 
Cor. 5 53 E 

Correct long. 14 4' 2 W 
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Example 3 (p. 82). — Two ex-Meridians on Different Sides of the Meridian. 

With long. D.R. 174° 6' E., lat. by ex-mer. of « Procyon gave 40^ 4' 13" S. and 
position-line N. 82° W. 

With long. D.R. 174° 6' E., lat. by ex-mer. of « Sinus gave 40° 50' 7" S. and 
position-line S. 77°*2 W. 

For the figure. — From A, in lat. 39° so'i S. and long. 174® 6' E., draw a meridian- 
line to B, at 40° 4'-2 S. : and from A and B draw two lines S. 77°-2 W. and N. 82° W. 
respectively to cut one another at C. From C drop a perp. on AB at D. 

In the right-angled triangles ACD and BCD the angles at C will be respectively 
J 2^-8 and 8°, and therefore the angle at C in the triangle ABC will = 20° -8. 

We then have in the triangle ABC, B = 82°, C = 20° 48', and AB (diff. lat.) 
First find a, then B D = lat. cor., and next C D = long. cor. 







Formula. 
« ■■ A B ' sin A ' cosec C 
B D — a • cos B 
C D - a • cos C. 



AB 

A 

C 



B 



I4'i 
77""' 
20° 48' 

38'72 
82° 



Log 11492 
Sin 9*9891 
Cosec o'4496 

Log 1-5879 
Cos 9" 1436 



Cor. for lat. B D $'-4 Log 07315 



38'72 
8° 



Log 1-5879 
Cos 9-9958 



Cor. for long. C D 38'-34 Log 1-5837 



Lat. by ex-mer. 40 4-2 S 
Cor. 5 4 N 

, Correct lat. 39 58'8 S 



Long, by D.R. 
Cor. 

Correct long. 



174 6-0 E 

38-3 w 

174 27*7 E 



Probably most persons would prefer to plot the work on a chart, as it is more 
graphic, "and is very easily and quickly done if a convenient plane chart is at hand. In 
the absence of such a chart this method may be used, or by any who prefer it. 
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REMARKS ON THE POSITION-LINE AND -SUMNER" PROBLEM IN 
CONNECTION WITH EX-MERIDIANS. 

Although most navigators are now fully alive to the valu^ of the position-line 
in connection with the longitude by chronometir, the value of the position-line in con- 
nection with the latitude by ex-meridian is seldom presented in works of navigation. It 
is generally supposed that an ex-meridian, if taken within a certain time from noon, 
will give a correct latitude, and that therefore the ships line of position is anywhere 
on that parallel of latitude. This, however, is only the case when the ship time (which 
depends on the longitude) is nearly correct. 

The further the object is in bearing away from the meridian the greater will be the 
.error due to an error in the time. 

The time, however, might be uncertain to 4 or 5 minutes, and yet the ex-meridian 
observation may be of great value in connection with the position-line, either when 
near the land by combining this line of bearing with some sounding, or bearing of 
the land, or by combining it with another astronomical position-line, as in the 
" Sumner" problem. When the body which is -used as an ex-meridian is within the 
generally acknowledged ex-meridian limits, any of the many very excellent ex-meredian 
tables, such as Towson's. Brent and Walter's, Bateman's, Davis's, &c., will give an 
accurate latitude with very few figures. For cases where the body is outside the usual 
ex-meridian limits a formula is here given which will give a correct latitude for 
any time from the meridian, corresponding to a given hour-angle. 

It is very generally believed by navigators that an observation taken near the 
meridian is of no use in connection with the " Sumner " problem. To some extent this 
is true when the problem is worked by the usually taught methods, and the D.R. 
latitude is much in error. I have endeavoured to show by the following examples how 
the ex-meridian problem may be combined with the chronometer observation in the 
" Sumner " problem : and, if this is done, it matters little how the sun or stars bear 
when the observations are taken, provided there is a suitable difference in bearing (say. 
, 3 points or more) between the two position-lines. In the example given on p. 82 both 
the observations were taken when the stars were within the usual ex-meridian limits. 
Such a case could not be expected to give the best results, as the angle of intersection 
between the two position-lines is just under 2^ points, which is a somewhat small angle 
for a very reliable position, unless circumstances of observation, &c., are very good. 
When observations are taken at the best possible time — shortly bstore sunrise and after 
sunset, when probably only three or four of the brightest stars are visible — we cannot 
expect always to get two stars sufficiently far from the meridian and prime vertical as 
is considered by some necessary {vide " Wrinkles," gth Ed., p. 514) for a satisfactory 
double altitude to be worked on the *' Sumner " principle. However, if advantage is 
taken of the methods shown in the following examples, it will be seen how little this 
matters. The only necessary condition of importance to insure good results is that the 
stars should be sufficiently far ap)art in bearing to give a good cut ; and if one observa- 
tion be near the prime vertical, and the other one near the meridian, the writer would 
say so much the better, rather than that this should be looked upon as an objection. 

The following figures give the cases for any time from the meridian, when from a 
given hour-angle the latitude is required to be found. 

LATITUDE BY EX-MERIDIAN WHEN OUTSIDE ORDINARY LIMITS. 

Case No. i.— Object above the Pole, Angle at Z (= Bearing of Object) more than 
90° reckoned from Observer's Pole. 

In the spherical triangle ^ P D, let Z P = 
co-lat.. Z D = co-alt, and PD = Polar Dist. 

Given ZD, PD, and angle at P: to find 
P Z = co-lat. 

From D drop a perpendicular on the meri- 
dian at M, then in the right-angled spher. 
triangle P M D we have P D and angle at P 
to find PM = arc (i). 

Formula.— Cos P = tan (1) • cot PD .*. 
tan (i) = cos P • tan P D. 

Next find Z M = arc (2). 

In the spher. triangle P M D, cos PD = 
cos (i) • cos M D. 

In the spher. triangle Z M D, cos Z D = 
cos (2) • cos M D. 

Cos (a) CosZD | eos (2) = cos (i) • 
■■Cos(i) CosPD"|«'«ZD-9ecPD. 

PZ (co-lat. = arc (i) - arc (2). 
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Case No. 2. — Exceptional Case— Angle at Z less than 90°. 

Rg. 2. 
N 



Same formula as in previous case, but 
P Z (co-lat.) = arc (i) + arc (2). W 




Case No. 3. — Object below the Pole. 



In the spher. triangle P M D, angle at P = 
-supplement of hour-angle. Then follow the 
same formula as in Case No. i 

P Z (co-lat.) = arc (2) - arc (i). 




By using the complements of P D and Z D, and comp. of P M for arc (i) when 
object is above the Pole, or comp. of Z M when object is below the Pole, the formula 
may be arranged as follows, and the rule as below applied : — 

Object above the Pole. 
Cot arc (i) = cos H.A. x cot decl. 
Cos arc (2) = cosec decl. x sin arc (i) x sin alt. 
Name arc (i) same as decl. 

Name arc (2) contrary to bearing of object — i.e., N. or S. of the prime vertical. 
Add like and subtract unlike names. Sum or diff. of arc (i) and arc (2) = latitude. 

Object below the Pole. 

Tan arc (i) = cos suppt. of H.A. x cot decl. 

Sin arc (2) = cosec decl. x cos arc (i) x sin alt. 

Name both arc (i) and arc (2) same as the decl. 

Latitude = sum of arc (i) and arc (2) always named same as the decl. 

Note.— It is not advisable to use the formulae here given when other methods can 
"be used, if the declination of object is within 3° or 4° N. or S. decl. If it is then used, 
six-figure logarithms should be taken out, and the corrections made for odd seconds 
of arc. 

Examples in the use of these formulae are given in the problems following. 
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FORMULA FOR EX-MERIDIANS. 

WoRKBD-ouT Examples to illustrate bach Casb. 

As some have been puzzled in trying to follow the ex-meridian formulae from the- 
figures here given when latitude and declination are of contrary names, owing to P D 
and P M being over 90°, the reader is reminded that to take out the tan and sec of 
an arc if over 90° he must take out the cotan and cosec of amount in excess of 90°. 

If the rule is followed independently of the figure this confusion will be avoided, 
as decl. and alt. are used, instead of P.D. and Z.D. 

Examples of each case, following either figure or rule, are here fully worked out 
which can be easily followed. 



Case No. i.— Hour-angle 2h. 17m. los., Lat. S., Decl. 23° N., and Altitude 16° N. 

Required the latitude. 



Formula from the Figurb. 



Formula deduced as per Rule. 



H.A. 
PD 


H. M. S. 
2 17 10 
113° 


Cos 9-91707 
Tan 0*37215 


Sec o'4o8i2 


H. M. S. 

H.A. 2 17 10 
Dl. 23° N 


Cos 991707 
Cot 037215 


Cosec 0-40812 


PM 


117° Hi' 


Tan 0-28922 


Cos 965989 


Arc(i)27°iii'N 


Cot 0-28922 


Sin 965989 






ZD 74° 


Cos 944034 




Alt. 16P 


Sin 9-44034 


ZM 


71 iii 


. . 


Cos 950835 


Arc (2) 71 "iS 




Cos 9*50835 


.PZ 


46 






Lat. 44 S 






Lat. 


44 oS 













Case No. 2. — Hour-angle i h. 38m. 12s., Lat. N., Decl. 40° N., and Altitude 61*^ N^ 

Required the latitude. * 



H.A. 
PD 


H. M. S. 


Cos 9-95885 
Tan 0-07619 


Sec 0-19193 


H. M. s. 
H.A. I 38 12 
Decl. 40^ 


Cos 995885 
Cot 0-07619 


Cosec 0-19193 


PM 


47° m' 


Tan o-035r4 


Cos 9-83126 


Arc (I) 42° 4ii N 


Cot 0-03504 


Sin 9-83126 






ZD 29° 


Cos 9-94182 




Alt. 61° 


Sin 9-94182 


ZM 


22 4li 




Cos 9-96501 


Arc (2) a2 4iiS 




Cos 9-96501 


Co-lat. PZ 


70 






Lat. 20 N 






Lat. 


20 N 













Case No. 3.— Hour-angle gh. 23m. 47 s., Lat. S., Decl. 62° 34' S., and Altitude 22° S. 

Required the latitude. 



H. M. s. 

H.A. 9 23 47 

12 o o 



Supt. 2 36 13 Cos 9-89017 

PD 27° 26' Tan 971524 Sec 005181 

P M 21° 57i' Tan 9-60541 Cos 9-96731 

Z D 68° Cos 9-57357 

ZM 66 57J 

Co-lat. PZ 45 o 

Lat. 45 o S 



Cos 9-59269 



H. M. s. 

H.A. 9 23 47 

12 o o 



Supt. 2 36 13 Cos 9-89017 

Decl. 62° 34' S Cot 9-71524 Cosec 005181 

Arc(i) 21° 57J' S Tan 9-60541 Cos 9-96731 

Alt. 22° Sin 9-57357 

(Comp)Arc(2) 23 2|S 

Lat. 45 o S 



Sin 9-59269 



The accuracy of this method may easily be proved by reversing the process, and 
finding the hour-angle from the latitude, declination, and altitude given. 

Case No. 3 is especially useful, as with high-declination stars the latitude will 
generally be fairly correct, even when the time is in error a couple of minutes and the 
body observed is an hour or more from the meridian below the Pole. For instance, in 
the latitudes of last example, an ex-meridian of * o Cruciswith hour-angle 11 h., or i h. 
from meridian below the Pole, and 2 m. of error in the time used, would only cause an 
error of 2^' in the resulting latitude. 
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DOUBLE -ALTITUDE POSITION BY TWO SUN OBSERVATIONS. 

1902. — March 29th, p.m., the following observations were taken in the artificial horizon, at 50 Hawker Street 
Wellington : — 

M. T. G. by chron. 28 13 17 31 Obsd. alt. of Q ^ o 30 
^ , 28 15 51 18 , • 52 5 10 

Required the true bearing of the sun at each observation, and the position of place, assuming latitude to be 41° o' S. 
Index error of sextant + i' 23"; ther. 70P; bar. 30*0 in. 



1ST Observation. 



2ND Observation. 



M.T.G. 


29th 


0. H. M. S. 

28 13 17 31 
10 42 29 

S. H. 

0-767 X 107 

M. S. 

+ 8-2 
5 5*1 

5 I3'3 + A 


Dl. var. 58*52 X 1071 

^ 1 u 

Cor. - 10 267 

Cor. Dl. 2 56 54 N 
P.D. 925654 


M.T.G. ^ 


H. M. s. 
15 51 18 


u H. 

Dl. var. 58-51 X 8*15 


Before noon. 


Before noon 


8 8 42= 8-15 hr. 


Cor. -^ 756-8 
Dl., 2901 3 7 207 N 

Cor. Dl. 2 59 24 N 

P. D. 92 59 24 


Eq. T. var. 

Cor. 

Eq. T., 29th 

Cor. Eq. T. 


Eq. T. var. o- 

Cor. 

Eq. T., 29th 

Cor. Eq. T. 


S. H. 

;67 X 8*1 

M. s. 
+ 6-2 
5 51 

5 "'3 




T. 


























Obsd. alt. 
LE. 




^ 030 

+ I 23 

2 ) 89 I 53 








Obsd. alt. 
LE. 


52 5 10 
+ I 23 

2)52 633 




ReL and par. 




44 30 56-5 
50-5 

44 30 6 
- 16 2 


Sec 
Cosec 


o- 122220 
0-000575 




App. alt. 
Ret. and par 

Semi-d. 

T. alt. 

Lat. 

P.D. 


26 3 16-5 
- I 44 




Semi-d. 


26 I 32-5 
— 16 2-5 

25 45 30 
41 
92 59 24 




T.alt. 
Lat. 
P. D. 


44 14 4 
41 
92 5654 


Sec 0-I22220 

Cosec 0000591 






178 10 58 










159 44 54 




S 
S-A 




89 5 29 
44 51 25 


Cos 
Sin 


8-200237 
9848398 




S 
S-A 


79 52 27 
54 6 57 


Cos 9*245045 
Sm 9908594 


H.A. 
Eq.T. 




oh 55m 58-6s 
+ 5 13-3 


SinS 


8-171430 




H.A. 
Eq.T. 


3h 26m 8-8s 
+ 5 11-3 


SinS 9*276450 


M.T. place 
M.T.G. 


,1 


I I 11*9 
13 17 310 


A 
B . 

Cor. 

Cgive 

Bs Pos.-lii 

Lonf 
Loni 


3-'49 N 
-22 N 

371 N 

sAz.Ni9°- 


7W 


M. T. place 
M.T.G. 

Long, in T. 

Long. (2) 
Long. (I) 

DiflF. long. 

V to E (I) to A 
^ to E (2) to A 


29 3 31 20-1 
28 15 51 18-0 


A -69 N 
B 07 N 


Long, in T. 




II 43 40-9 


11 40 2-1 


Cor. 76 N 


Long. (I) 


^" 


175° 55' 13" E 
T.Cagiv 


175 31 E 
175 55 13 E 


C gives Az.N6oP*2VV 




le for plane char 

N75°E 

5. (I) cor. = 3-71 1 
?.(2) . -761 


Pos.-Une T. C2 N 37°-2 E 




54 42 = 54 




} in Fig. 










D. long. 


2-95 


: d. long. 547 : : lat 


I : lat. cor. 18-5 






A- 
1 I 

•0 : 


(2) 2-95 


(I) 




Lat. used 41 S 
Cor. i8 30 S 

Lat. in 41 18 30 S 


Long. (2) 
i8'-5x'-76 = 

Long, in 


' « „ 

175 31 E 

14 4W 




/^^ 






1744627 E 



In this example, with the latitude used in the calculation i7i!r' in error, the resulting latitude is i' in error. This is due 
to the sun's azimuth differing nearly 2° at the position corresponding to the hour-angle found with 41° lat. from that of the 
true hour-angle and latitude. If the position had been worked in the usual way as given in the Board of Trade 
examinations with two latitudes, say, 17^^ in error on each side of the true latitude, the resulting latitude would have been 
just 2' north of that here found, or i' north of the true latitude. When the hour-angle is small, and the two latitudes used 
on each side of the true latitude are far apart, the resulting position-line always places the ship on the Equatorial side of the 
true position-hue or circle of altitude. When the problem is worked with the D.R. latitude, and a position-line at right 
angles to the bearing of the object observed, the resulting position-line will place the ship on the Polar side of the true hne 
of position ; an error of 30' in me D.R. latitude in either case will sometimes make 2' to 3' error in the latitude. When one 
of the hour-angles is not far from the meridian, as in this case, the problem as worked on the following page will give a 
more accurate position, and the work is not longer. 

These observations when reworked on the same principle, when using a latitude near the the truth, give the latitude 
of position within o'-i of the truth. Several observations were taken at the same time, and all the resulting latitudes 
agreed within a few seconds of one another. 

For position of place plotted on the chart, see chartlet on next page. 
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DOUBLE -ALTITUDE POSITION BY TWO SUN OBSERVATIONS 

(Combining Chron. Long. Obsbrvation with an bx-MbridianK 

i902.~March 29th. p.m. In assumed latitude 41° o' S. the true altitude of sun's 
centre was 44° 14' 4" when a chronometer showed M. T. G. 28 d. 13 h. 17 m. 31 s. ; and 
again on the same afternoon the true altitude of sun's centre was found to be 25° 45' 50^ 
when a chronometer showed M. T. G. 28 d. 15 h. 51 m. 18 s. Required the position of 
place by projection on the chart. 



1ST Obsn. West of Mkridian. 



2MD Obsn. West op Mbkidian. 



D. H. M. s. 

M.T. Greenwich 28 13 17 31 

Long, in T. by 2nd obsn. + 11 40 2 K 



M.T. place 
Eq.T. 

O's H.A. 

0*8 Dl. 

Arc (1) 



29 o 57 33 
5 »3 



o 52 20 Cos 9*988578 

2^ 56' 54" N Cot 1 1*^163 Cosec 1 1-288738 

3 I 36 ^J Cot X 1-276741 Sin 8*722640 

True alt. 44' 14' 4" Sin 9*843604 



oh. 52 m. ) 
Lat. 4ii° S A 

Dl. 3° N I B 

Po8.-line from Table Ca N 76° E 



3*8o N 
•23 N 

"403 N 



Arc (2) 44 15 56 S Cos 9*854982 

Latitude 41° 14' xT S 



T. alt. 

Lat. 

P.D. 



25 45 30 
41 o o sec 
92 59 24 cosec 





159 44 54 


s 
s-a 


79 52 27 cos 
54 6 57 sin 


Sec 
Cosec 
Cos 
Sin 


0'122220 
0*000591 
9245045 
9908594 


Sin« 


9*276450 


H. M. S. 

H^.=A.T.place3 26 8*8 
Eq.T. + 5 "'3 


M.T. place 29 
M.T.G. 28 


3 31 20-1 
15 51 18 


Long, in T. 


II 40 2*1 


Longitude 


175^^0' 3i"E 



Position by Chart. 

Lat. 41 i7i S 
Long. 174 47 E 



H.A. 3h. 26m. , 

Lat. 41° S A 69 N 

Dl. 3°N B -07 N 

Pes. line from Table Ca N 37°*2 E -76 N 



174*301 40' SO' '7$*0' 



4rs 



^g^? 




20 



I 



^'"'^""""i .«....j.L.... 



!^| i 



t I 111 1 * u. 



Position by two chron. observations = Lat 41 iS^ S. 
(see previous page) Long. 174 46J E. 
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The following example is taken from Captain Thompson's excellent book, 
*" Navigation Simplified," which, I presume, is now in the hands of nearly all those 
navigators who desire to obtain the highest certificates. This example is taken as the 
work is there given in detail, with the plotting on the chart, so that the reader can 
<x>mpare the working, and see for himself the saving in figures, while maintaining equal, 
if not greater, accuracy by using the A and B Tables. 

POSITION BY DOUBLE ALTITUDE OF SUN. 

1900. — July 2nd, at about 6h. 50m. a.m., and again at 11 a.m., from the following 
observations : — 



Mean Time at Greenwich by Chron. 
D. H. M. s. 

I 7 43 12 
I II 57 36 



True Altitude of the Sun's Centre. 

25 51 6 
69 50 25 



Find the true bearing of the sun when the first altitude was observed, and the 
position of the ship when the second altitude was taken, assuming the ship to be 
between latitudes 49° 50' N. and 50° 20' N. The ship's course and distance between the 
observations was N. 67° W., dist. 30 miles. 



2Stobsn. 0's Cor. Dl.= 23 6 49 N Cor. Eq.T. 3' 35 + A. T. andobsn. O's Cor.Dl.=^ 23 6 7 N Cor. Eq.T. 3 36*4 
90 o o 90 o o 



N. P. D. 



66 53 " 



N. P. D. 



6653 53 



Run between observations, N 67° W 30m. = ii''7 N 
1ST Obsn. 



A 

L 
P 


25 51 6 
49 50 
66 53 " 


Sec 0*190431 
Cosec 0*036340 


S 
S-A 


142 34 17 

71 17 8*5 
45 26 2*5 


Cos ^*5o630i 
Sin 9*852750 



H. M. S. 

24 O O 

- 5 658 



H. A. east 



A. T. ship 18 53 2 
Eq.T. + 3 35 



M. T S. 
M.T.G. 



18 56 37 
7 43 12 



Long, in T 11 13 25 



Sin« 9*585822 



A 28 S 

B -44^ 

T. C *i6N gives Aa. N 84° E 

Pos.-line for plane chart. 
Table Ca, gives N9°*iW 



27"6V/ 

A 
L 
P 


= 43' d. long 
2ND Obsn. 

1 u 

60 50 25 

50 1 42 

66 53 53 


Lat. (I) 
Run. d. 1 

Lat. (2) 

Sec 0*192188 
Cosec 0*036302 




177 46 






S 
S-A 


8853 
28 2 35 


Cos 
Sin 


8*289773 
9*672223 




H. M. S. 
24 

- 57 135 


Sina 




H.A. 


8*190486 


A. T. ship 
Eq.T. 


23 2 465 
+ 3 36-5 


A 
B 


4-68 S 

1*72 N 



49 50 oN 
II 43 N 

50 I 42 N 



M.T.S. 
M.T.G. 



23 6 23 
II 57 36 



Long, in T. 11 8 47 



Long. 168 21 15 E 

Run d. long. 43 o W 

Long. (1) 167 38 15 E 
<:or^i6x8'*5 I 22 W 

Long, in 167 36 53 E at time of 2nd observation. 



Long. (2) 167 II 45 E 
Long. (I) 167 38 15 E 



D. long. 



T.C 2*96 S Posn.-line for 

^^^ plane chart, 

S 7i°*3 W. 

See Table Ca 

2*96 S to W and N to E 
*i6NtoW 



26' 30^' 3*12 sum of A and B cor 



d. long. d. long. 
3'*12 : 26'*5 : 



lat. lat. 



8**5 cor. Lat. at 2nd obsn. 50 i 42 N 
Cor. 8 30 N 



Lat. in 



50 10 12 N 



Cor to N 




For position of ship whe* plotted on the chart, see chartlet on next page. 
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DOUBLE ALTITUDE OF THE SUN 

(COMBUfUCG* CHRON. LONG. OBSERVATION WITH AN BX-MbRIDIAN). 

1900. — and July, at aboot 6 h. 50 m. a.in.. and again at 11 a.m.. from the following 
observatioos:— 

Mean Time at Greenwich by Chron. Troe Altitude of the Son's Centre. 

D. H. M. S. o i u 

I 7 43 12 25 51 6 

I II 57 36 60 50 25 

Find the true bearing of the sim when first altitude was observed, and the position 
of the ship when the second altitude was taken, assuming the ship to be between 
latitudes 49° 30' N. and y>° 20' N. The ship's course and distance between the 
observatioos was N. 67° W., dist. 30 miles. 



ist obsn. Q'% Cor. Dl. = 26 6 49 N 
90 o o 



M. s. 
Cor. Eq. T. = 3 35 + A.T. 





A 

I. east 
'.ship 


2iido 

Ron be 
1ST Ob 

25 51 6 
4950 
6653 " 


N. P. D. 

bsn.O'sCor.DI. 

N. P. D. 
tween observatioi 

SN. 

Sec 0*190431 
Cosec 0-036340 

Cos 9*506301 
Sine 9*852750 


66 


53 " 






c 

= 23 
90 

66 


6 7 N Cor. Eq 


53 53 


M. S. 

.T. = 3 36'4 + A.T. 


A 
L 
P 


is,N 


67^W3om. = 27^m.d 

2ND 
H. M. S. 

M.T.ship23 8 9 (see 
Eq.T. - 336 

A. T. ship 23 4 33 

24 


ep. = 43' W d. long. 
Obsn. 

M.T. ship, ist obsn.) 




142 34 17 

71 17 8-5 
45 26 25 




S 
S- 


H.A. 55 27 

Dl. 23° 6' r 

Arc (1) 23° 43' 10" N 
Arc (2) 26 27 22 N 


Cos 9*987163 
Cot 0*370003 




H. M. S. 
24 

-5 658 

18 53 2 
+ 3 35 


Cot 0*357166 


H.A 
Eq. 


Sin2 9585822 


T.alt. 60° 50' 25" 


Lat. 50° 10' 32" N 





M. T. ship 18 56 37 
M. T. G. 7 43 12 



Cosec 0*406306 
Sin 9*60450$ 
Sin 9*941146 
Cos 9^951957 



Long, in T. 11 13 25 

Longitude 168° 2 1 ' 1 5" E 
Run d. long 43 o W 

H. M. s. 

Long. (2) 167 38 15 E = II 10 33 



H.A. oh 56m E 

Lat. 

Dl. 



imE ) 
50N \ 
23 N ) 



4-78 S 
1*75 N 



M. T. G. + 11 57 36 
M.T. ship 23 8 9 



H.A. sh. 8m E ) 

Lat. 5(/' N ^ A 28 S 

Dl. 23° N ) B 55 N 



Cor. T. C. 3*03 S gives Az. S27^4E = 
^^ Fos.-iine for 

plane chart,. 
Table C«, S 
7i°*7 W and 
N7i°7E 



Cor. Table C '16 N gives Az. N 84"=i E and Pos.-line for plane chart, Table Ca, N 9° W 

Chartlet for Problem on page 73. Foi* above ProbleMi 
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To face p. 75. 
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With the desire to show the especial utility of these tables for obtaining accurac>^ 
of position and conciseness in work, and the superiority of the method here advocated 
over the method still employed in the Board of Trade Examinations of Masters and 
Mates, for the '* Sumner " problem, the following example is given and plotted on the 
chart by both methods. For the saike of better illustrating the possible error due to the 
old method, a wider range of latitude has been taken than is usually given in the 
examination papers, though, considering the high speed of some of the present-day 
steamers, the range is not excessive, as the run in interval itself might often amount 
to over 1° of latitude. 



"SUMNER" PROBLEM AS GIVEN IN THE B. OF T. EXAMINATIONS. 

1898. — On 2oth June, a.m., at ship, at sea, and uncertain of my ship's posi- 
tion: when a chronometer indicated M. T. Green. 19 d. 22 h. 30 m. the true altitude 
of sun's centre was 52° 9'; and again, a.m. on same day, when chronometer indicated 
20 d. oh. 16 m. the true altitude of sun's centre was 65° 18', the ship having made 
23 miles on a true N.'24°E. course during the interval between the observations. 
Required the line of position and true bearing of the sun at time of ist observation, and 
the position of the ship when 2nd observation was taken, assuming latitudes 46° N. 
and 47° N. 



ist obsn 


M.T.Green. 
Eq. of time 

A. T. Green. 


D. H. M. 
19 22 30 

- I 

19 22 28 


s. 

i6-7 

43*3 


2nd G 

A.T. 


D. H. M. S. 

bsn. 20 z6 
I 17-7 


Decl. 23 
90 

P.D. 66 


2V N 





G. 20 14 42-3 


33 




• 1 




1ST Observation 


1 






A 
L 
P 


52 9 
46 
6633 

16442 


Sec 
Coseo 


0-158229 
0-037438 






A 52 9 
L 47 
P 6633 

165 42 


Sec 
Cosec 


0-166217 
0-037438 


S 
S-A 


82 21 
30 12 


Cos 
Sin 


9-124248 
9*701585 






S 82 51 
S-A 30 42 

D. H. M. S. 

H. A. 2 28 40-3 E 

A. T. ship 19 21 31 19-7 
A.T.G. 1922 28 43'3 


Cos 
Sin 


9-095056 
9-708032 


H.A. 


2 31 18*8 £ 


Sin2 


9*021500 






Sin2 


9-006743 


A. T. ship 19 
A.T.G. 19 


21 28 41*2 

22 28 43*3 




Long, in T. 


I 2*1 










Long, in T. 57 23-6 
Long. B 14° 20' 54" W 




Long. A 


150 Q, 3i« ^ 










2ND Observation 


. 






A 

L 
P 


65 18 
46 
6633 

177 51 


Sec 
Qosec 


0-158229 
0-037438 






A 65 18 
L 47 
P 6633 

178 51 


Sec 
Cosec 


0-166217 
0-037438 


S 
S-A 


88 55i 
23 37* 


Cos 
Sin 


8-273260 
9-602872 






S ^8925* 
S-A 24 7\ 

D. H. M. S. 

H. A. 37 9*2 


Cos 
Sin 


8-001538 
9'6"435 


H.A. 


49 53*1 E 

23 10 6*9 

24 14 42-3 


Sina 


8-071799 






E Sina 


7-8x6628 


A. T. ship 19 
A.T.G. 19 


A. T. ship 19 23 22 50-8 
A.T.G. 1924 14 42*3 




Long, in T. 


I 4 35-4 










Long, in T. 51 51-5 






Long. C 


16° 8' 51" W 










Long. D 12° 5/ 52^ 


W 





Line of position N oaM^ 1 
Sun's bearing S 4slt 1 



Position at 2nd obsn.— Lat. 46P 37* N 
Long.i4«43'W 



Tnieposn.— Lat. 46P 30' 20" N 
Long. 14° 41' <^'W 
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EXAMPLE TO SHOW METHOD OF FINDING THE TRUE LINE OF 
POSITION OR CIRCLE OF ALTITUDE BY USE OF THE A AND B 
TABLES. 

This is given in response to an inquiry by a correspondent, who asked for an 
explanation of author's remark about the tables doing this, in the pre£ace to the first 
edition in 1883. 

Example Plotted on Chartlet racing Page 75. 



Lat. 46 o N \ A 477 S 
Dl. 23 27 S I B a-05 N 

H.A. 49e)c 2-7aStoWorN 



o * o # H. M. s. 

Lat. 46 o gives Long. 16 8*9 W H.A. o 49 53 
Cor. for 10 N — 27*2 E — 1 49 



M.S. 



to E o i o 48 4 . 

Lat. 46 10 N gives Long. 15 417 W — i o 



Cor. for 10' N = 27*2 E = i 49 o 47 o for next. 



Lat. 46 13 N \ A 5*02 S Lat. 46 10 N gives Long. 15 417 W H.A.0'48' 4 

Dl. 23 «7 S I B 2-12 N Cor for 10 N = 29-0 E - i 56 



Lat. 46 13 N \ A 5*02 S 

Dl. 23 «7 S I B 2-12 N 

H. M. I 

H.A. o 47Ei C 2-908 



Lat. 46 25 N 
Dl. 23 27 S 

H. M. 

H.A. 045E 



Lat. 46 45 N 
Dl. 23 27 S 

H. M. 

H.A. o 41 



Lat. 46 55 N 
Dl. 23 27 S 

H. M. 

H.A. o 38i 



o 46 8 



Lat. 46 20 N gives Long. 15 127 W —10 

, M.S. i^Hi^;^ 

•Cor. for 10' N = 29*0 E = i 56 o 45 o for next. 



A 3-28 S Lat. 46 20 N gives Long. 15 127 W H.A. o 46 8 

B 2*22 N Cor. for 10 N - 30-6 E - 2 2 

C 306 S o / o 44 6 

^^— i Lat. 46 30 N gives Long. 14 42'! W —10 

M.S. 



Cor. for 10' N — 30*^ E = 2 a o 43 o for next. 



Lat. 4i5 35 N \ A 5*56 S Lat. 46 30 N gives Long. 14 42*1 W H.A. o 44 6 

Dl. 23 27 S I B 2*32 N Cor. for 10 N = 32*4 E - 2 10 

H. M. I 

H.A. o 43 E j C 3-248 o , o 41 56 

=^^ Lat. 46 40 N gives Long. 1 4 9-7 W -16 

i M. s. iims^:^ 

Cor. for 10' N'= 32-4 E = 2 10 o 40 50 for next. 



A 5-88 S Lat. 46 40 N gives Long. 14 9*7 W H.A. o 41 56 

B 2'44 N Cor. for 10 N -^ 34-4 E - 2 i» 

C 344 S o . , o 39 38 

^=^ Lat. 46 50 N gives Long. 13 35*3 W - i 10 
M. s. 



Cor. for 10' N = 34-4 E «- 2 18 o 38 a8 for next. 



A 6-30 S Lat. 46 50 N gives Long. 13 35-3 W 

B 254 N Cor. for 10 N = 37'6 E 

C 3*768 Lat. 47 o N gives Long. la 577 W 



/ M. s. 

Cor. for 10° N = 37-6 E = 2 30 

[Note.— It will be seen that as the latitude increases so the H.A. will decrease, according to the 
change of longitude, 15' of long, making im change of time in the H.A. Therefore, to get the true cor. 
we must use the mean H.A. and the mean lat. corresponding to the two ptarallels which we require the 
cor. for. -The long, found by the application of the A and B cor. at 47° N is practically the same as that 
found by direct calculation.] • 
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DOUBLE-ALTITUDE POSITION BY TWO STELLAR OBSERVATIONS. 

1902.— On 15th March, p.m., the following observations were taken in the 
artificial horizon, at 50 Hawker Street, Wellington: True position from chart, lat. 
41° 17' 32" S., long. 174° 46' 57" E. :— 

D. H. M. S. o < tt 

M .T. at Greenwich by chron. 14 21 6 6 Obsd. alt. of ^ Sirius 1 16 33 o to N . Wd . 
, » 14 22 26 7 ^ #Canopusii2 10 lotoS.Wd. 

Required the true bearing of both stars, and the position of place, assuming 
latitude to be 41° o' S. (174' in error). Index error of sextant + i' 20". 



D. H. M. S. H. M. S. 

M.T.G. 14 21 6 6 Sid. T. (G. noon) 23 24 40*46 

M. 0's R.A. +2328 8*45 Accl. 2ih. 6m. + 327*99 

Sid. T. G. 



20 34 i4'45 M. O's R'A. 23 28 8'45 



H lii S H M S 

M.T.G. 22 26 7 Sid. T. (G.noon) 23 24 40*46 

M. G's R.A. 23 28 21*6 Accl. + 3 41*13 



Sid. T. G. 21 54 28*6 M. O's R.A. 23-28 21*59 



# SiRIUS TO N.Wd. 



« Canopus to S.Wd. 



Obsd. alt. of * 116 33 o 
I. E. +1 20 



2 ) 116 34 20 



Dl. 16 35 14 S 
90 o o 



p. D. 732446 



S?P'"- 


58 17 10 
34 






A 
L 
P 


58 16 36 
41 
73 24 4^ 

172 41 22 


Sec 
Cosec 


0'122220 
0*018460 


S 
S-A 


86 20 41 
28 4 5 

H. M. S. 

I 34 o*2 
6 40 51*6 


Cos 
Sine 


8*804503 
9672578 


^'s H.A. 
•)f'sR.A. 


Sinea 


8*617761 



Sid. T. place 8 14 51*8 
. Green. 20 34 14*45 

Long, in time 11 40 37*35 

Long. (1) 175° 9' 20^' E 

I7''6 X l'*25 32 o W 



Long, in 



2*00 N 
75 S 



C 1*25 N to E 



gives Az. N 46°-6 W 



174 47 20 1 



and C3 gives Pos.-line 

N 5r3 E 
S 513 w 



Obsd. alt. of ^ 112 10 10 
LE 



alt. 



A 

L 
P 



S-A 



*'s H.A 
it's R.A. 



+ 1 


20 


2)112 II 


30 


56 5 


t 


56 5 
41 
37 21 


7 


I 


134 26 


8 



67 13 4 
II 7 57 

H. M. S. 

3 10 41*3 W 
6 21 47*6 



Sid. T. place. 93228*9 
Sid. T. Green 21 54 28*6 



Long, in time 11 38 0*3 



Dl. 52 38 59 S 
90 o o 



P. D. 37 21 1 



Sec 
Cosec 



Cos 
Sin 



SinS 



o' 122220 
0*217036 



9*587969 
9*285798 



9*213023 



0*79 N 
1*77 S 



Long. (2) 
Long. (I) 

Difi. long. 



C 098 S to E 
gives Az. S 53^ W 



174° 30' 5"E 

175 9 20 and CS gives Pos. -line 

S44°-4E 

39' 15" 



(2) 



Long, (i) cor. = 1*25 S to W 
• (2) » 098 S to E 

D. long. 2*23 : d. long. 39''25 : : lat. i* : lat. cor. 17**6 




(I) 



tor to S 



Lat. used 41 o- o S 
Cor. 17 36 S 



Lat. in 41 17 36 S 



Long, by Canopus 174 30 5 E 
i7'*6 X o'*98 = 17 15 E 



Long, in 



174 47 20 E 



The above were bond fide observations taken on a windy night, needing patience to 
wait till the quicksilver was quite steady ; being on different sides of the prime vertical, 
the observations naturally give a good latitude, as i ' error of altitude due to instrument 
or refraction would make practically no difference in the resulting latitude. This 
pi-dblem reworked with a latitude near the truth only makes a few seconds difference in 
the resulting position. 

[Note.— A, true alt. ; L, lat. ; P, Polar dist. ; S, half sum ofA + L + P;3-A^ diff. between S 
aiid A ; H.A., hour-angle.] 
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DOUBLE-ALTITUDE POSITION BY TWO STELLAR OBSERVATIONS. 

1902.— On 15th March, p.m., the following observations were taken in the artificial 
horizon : — 

D. H. M. S. o , H 

M. T. at Greenwich by chron. 14 21 23 43 Obsd.alt.of « a Centauri 69 36 50 to S.Ed. 
m « 14 22 26 7 « # Canopus 112 10 10 to S.Wd 

Required the true bearing of both stars, and the position of place, assuming latitude 
to be 41° o' S. Index error of sextant -|- i' 20". 



I ST Obsbrvation. 

H. M. 8. D1. ot « a Centauri. 
M.T.Green. 21 23 43 o , u 

Sid. T. (G. noon) 23 24 40*46 60 25 37 S 

Accl. + 3 30*89 90 o o 



Sid. T. Green. 20 51 54*35 P. D. 29 34 23 



2ND Observation. 

H. M. s. Dl. of « Canopus. 
M.T.G. 22 26 7 o * «. 

Sid. T. (G. noon) 23 24 40*46 52 38 59 ^ 

Accl. + 3 41*13 90 o o 



Sid. T. Green. 21 54 28*59 P- D- 37 21 



« a Centauri to S.Ed. 



« Canopus to S.Wd. 



Obsd. alt. of « 69 36 50 



I. 



5- 



Obsd. alt. of # 112 10 10 



- LE. 



I 20 





2 ) 69 38 10 

34 49 5 
- I 22 


Sec 0- 12222 

Cosec 0306684 

Cos 9*782622 
Sin 9487382 


.S37°E 

oP*4W 


T. alt. 
Lat. 
P. D. 

S 
S-A 

»'s H.A. 
*'sR.A. 

Sid.T. lace 
Sid. T. G. 

Long, in T. 

Long. (2) 


2)112 II 30 


Sec 
Cose< 

Cos 
Sin 

SinS 

A 
B 

C 

gives 

C«Poa 




i^"'*- 


56 5 45 
- 38 

56 5 7 
41 
37 21 I 

134 26 8 




T. alt. 
Lat. 
P. D. 


34 47 43 
41 
29 34 23 

xos 22 6 

5241 3 
17 53 20 

H. M. S. 

5 59 580 1 
14 33 1-3 

B 8 33 33 
20 51 54*3 

II 41 9-0 

175° 17' 15" 
174 30 5 


0*I22220 
J 0*217036 


S 
S-A 


67 13 4 
" 7 57 

H . M. 8. 

3 10 41*3 W 
6 21 47*6 

9 32 28*9 
21 54 28*6 


9587969 
9285798 


#'s H.A. 
'if 's R.A. 


I SinS 9698908 

A *oo 
B 1*76 S 

C r76SgivesA« 

E 

E C«Pos.-lineS6 

: 47*'i7 


9-213023 


Sid. T. plaa 
Sid.T.G. 


*79N 
1-77 S 


Long, in T. 

Long. (I) 
Long. (2) 


XI 38 0*3 
1740 30' 5" E 


98 S to E 
Az.S53r W 




;.-line S 44°'4 ^ 


Diff. long. 


47 10 = 



Long, (i) cor. = 1*76 S to W 
(2) , 0*98 S to E 

D. long. 2*74 : d. long. 17**17 : lit. i' : lat. cor. 17**22= i/ 13" 



Lat. used 41 o o S 
Cor. 17 13 S 

Lat. in 41 17 13 S 



Long. (2) 174 30 5 E (2) 2*74 < I ) 
i/*22 X '-98 = cor. 16 53 E " 



Long, in 



174 46 58 E 




Cor to S 



These observations were taken on the same evening as those given on the preceding 
page. As one star was east of the meridian and the other one west, the case is not good 
for latitude ; but it should give the truest longitude, as instrumental errors. &c., will 
practically eliminate one another in the resulting longitude. This problem reworked 
with a latitude near the truth makes no appreciable difference in the resulting position 

For position of ship when plotted on chart, see chartlet on next page. 
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DOUBLE ALTITUDE OF TWO STARS 
(Combining Chron. Long. Observation with an ex-Meridian). 
1902.— On 15th March, p.m., the following observations were taken : — 

D. H. M. s. o , „ 

M. T. G.by chron. 14 21 23 43 T. alt. of ^f a Centauri 34 47 43 to S.Ed. 
M. T. G. «, 14 22 26 7 „ ^ Canopus 56 5 7 to S.Wd. 

Required position of place by projection on the chart, assuming the approximate latitude tcy 
be 41° o^ S. 



^ Canopus to S.Wd. 



H. M. s. 

M. T. G. 22 26 7 

Sid. T. (G. noon) 23 24 40*46 
Accl. + 3 41*13 

Sid. T. Green. 



if a CENTAUftI TO S.Ed. 
H. M. S. 
21 23 43 



A 

L 
P 



S 

S-A 



it's H.A. 
«'sR.A. 

Sid. T. nlace 
Sid. T. G. 

Long, in T. 

Long. 



21 54 2859 



56 5 7 
41 o o 
37 21 I 

134 26 8 

67 13 4 
" 7.57 



Dl. of * 52 38 59 S 
P. D. 37 21 1 



Sec o' 122220 
Cosec 0*217036 



Cos 9*587969 
Sin 9*285798 



H. M. s. 

3 10 41*3 W 

6 21 47*6 



9 32 28*9 
21 54 28*6 

II 38 o*3 

174° 30' 5" E 



Sin* 9*213023 



A -79 N 
B 1*77 S 



M.T.G. 

Long, in T. + II 38 0*3 

M. T. place 9 i 43*3 
M. O's R.A. 23 28 1 1 '3 

Sid. T. place 8 29 54*6 
if'sR.A. 14 33 1*3 

if'sH.A. 6 3 6*7 

Supt. 

Dl. 

Arc (1)* 

Arc (2) 41 

Latitude 



H. M. 8. 

Sid. T. G. noon 23 24 40*46 
Accl. ■ + 3 30*8^ 



M. O's R.A. 2348ir*35 



if'sDl. = 60 25 37 S 



60 25 37 Cot 9*753933 Co6«c 0-0606x7 



0° 26' 29" S 
o II S 



41 26 40 S 



Cor -98 S Pos.-linc from CSgives S 44'»*4 E 



Tan 7'886653 Cos 

Alt. 34° 47' 43" Sin 

Sin 



*oi S 
1-77 S 



d*999987 
9*8169710 



Cor 1*78 S gives Pos.-line S6oP*7 W 



The cbartlet below serves to illustrate both the problem above and the one on previous page. 
In the first case the position-hnes are laid down from the two longitudes corresponding to 3ie 
parallel of latitude 41° S., and in the second case the position-lines are laid down from the meridian 
of longitude 174° 30' E., the longitude found by chronometer from observation of star Canopus in. 
latitude 41° S. The observation of star a Centauri is worked as an ex-meridian from the time' 
deduced from longitude 174® 30' E. Though the hour-angle in this case is a little over six hours*, 
the latitude found is perfectly correct. 

4.0 so VIS* 10 20: 



4l!S 




30 



l74r30E 



60 



175' 



lO- 



20' 



* As the logs for sines and tangents are practically the same for very soiall angles are (1) may be taken oot from 
the log sine table to save calculating for the seconds. 

6— Az. 
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SIMULTANE0US(*) OBSERVATIONS OF TWO DIFFERENT STARS BY 
THE OLD "SUMNER" METHOD. 

1898. — Shortly after sunset on March 3rd, somewhere between the parallels 
of 51° 15' N. and 51° 50' N., a chronometer indicated mean time at Greenwich 
3d. 6h. 48m. 38s. when the true altitude of * Procyon was 31° 57' east of 
meridian; again, after running east (true) 3}m., a chronometer indicated 3d. 6h. 
59 m. 20 s. when the true altitude of * Capella was 83° 50' east of meridian. 

Required the position of the ship at time of last observation, and .the true bearingf of 
the stars by Sumner's method of progression on the chart. 

XST Observation : ^ Procyon to S.Ed. 2nd Observation : M Capella to S.Ed. 

"M.T. Green. 3 6 48 38 T. alt. of * 31 57 E M.T.Green. 3 65920 T.alt.of ^ 83 50E 

Sid. T.(G. noon) 2245 7*9 =^^ Sid. T. (G. noon) 2245 7*9 ^=^ 

Accl. +171 o , Accl. +18-9 o , 

**sDl. 5 29 N it'sDl. 45 5tN 

;Sid. T. Green. 5 34 53*0 Sid. T. Green. 5 45 36-8 

=5=2^= PD 84 31 N == PD 44 6N 

Hun between observations, East 3*75 m. — d. long. 6''o E. 



A 

L 
P 


31 57 
84 31 
16743 


Sec o'203479 
Cosec 0*001992 


A 8350 

h 51 15 

P 44 6 


Sec 
Cosec 


0*20348 
0*15745 




179 II 




rs 

S-A 


83 5ii 
51 54* 

H. M. S. 

- 2 52 33-0 E 
7 34 0-3 


Cos 
Sin 


rs'4M 


S-A 545J 

H. M. S. 

*'s H.A. - 18 34*6 E 
*'sR.A. 5 9 11*4 


Cos 

Sin 


785289 
9-00144 


-*'s H.A. 
*'sR.A. 


Sin2 


9130791 


Sina 


7*21526 


Sid. T. Sp 
Sid.T.G. 


. 4 41 27*3 
5 34 53*0 






Sid. T. Sp. 4 50 368 
Sid. T. G. 5 45 36*8 






Long, in 1 


*. 53 257 

130 21' 25" w 
6 E 


Sec 
Cosec 


0209046 

: 0*001992 


Long, in T. 55 o'o 


Sec 
Cosec 




^"^ 


Long. C 13° 45' <^ W 






A 83 50 
L 51 50 
P 44 6 




Long. A 


13 15 25 w 




A 
L 
P 


/ 
31 57 


0-20905 

015744 




168 18 






17946 






S 
S-A 


84 9 
52 12 

H. M. S. 

- 2 49 423 E 
7 34 -3 


Cos 
Sin 


9008278 
9*897712 


i * ^53 
S-A 6 3 

H. M. S. 

it's H.A. -0 10 14*4 E 
*'s R.A. 5 9 ii"4 


Cos 
Sin 


7-3 882 
9*02283 


^'s H.A. 
^'s R.A. 


Sin2 


9*117028 


Sin2 


6*69814 


Sid. T. Sp 
Sid. T. G. 


. 4 44 i8-o 
5 34 53' J 






Sid. T. Sp. 4 58 57*0 
Sid. T. G. 5 45 368 






Long, in 1 


'. 50 350 






Long, in T. 46 39*8 






Long. 
Run 


12° 38' 45" w 
6 E 






Long. D 11° 39' 57" W 






Long. B 


13 32 45 W 













Position of ship by Sumner: Lat. 51° 27^' N., long. 13° o' W. 

True position of ship: Lat. 51° 32' N., long. 12° 55' W. 

Bearing of * Procyon, S. 53° E. ; and bearing of * Capella, S. 24° E. 

(») Practically though not absolutely simultaneous. 

Note.— This is the problem (c) of the Board of Trade Examination for Extra Master, with the excep- 
tion that as set for that examination both observations are taken at the same instant, only one chronometer 
time being given. As this is probably never realised in practice, the more usual experience of having a few 
minutes' interval between the observations is here given. 




To face p. 80. 
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SIMULTANEOUS 



OBSERVATIONS 
IMPROVED • 



OF TWO 

SUMNER" 



DIFFERENT 
METHOD. 



STARS BY THE 



i898.-T-Shortly after sunset on March 3rd, in latitude by D.R. 51® 15^ N., a chronometer 
indicated mean time at Greenwich 3d. 6h. 48m. 38s. when the true sdtitude of 9f Procyon 
was 31° 57' east of meridian; again, after running east (true) 3}m., a chronometer indicated 
3d. 6 h. 59 m. 20 s. when the true altitude of * Capella was 83° 50' east of meridian. 

Required the position of the ship at th6 tim6 of last observation, and the true bearing of each 
star at the time of their observation. 



1ST Obssrvation : 

M.T.Green. 6 48 38 

Sid. T. (G. noon) 22 45 T9 
Accl. + I 7'i 



Sid. T. Green 



* Procyon to S.Ed. 
T. alt. of* 3°i S7 



5 34 53'o 



Pl. 
P.D. 



5 29N 
84 31 N 



Run between observations, East 375 m.^ d.long. C'o 



A 

L 
P 



31 57 
51 15 
8431 



Sec 0*203479 
Cosec 0*001992 



1 


67 43 


S - 

S-A 


83 51 t 
51 54 • 


-Jt's H.A. 
-)*'s R.A. 


H. M. S. 

2 52 33*0 E 
. 7 34 0*3 


Sid.T.Sp. 
Sid.T.G. 


4 4i 27-3 

5 34 53-0 


iong.inT 


. 53 a5-7 


iong. 
Run 


13° 21' 25" w 
6 E 


I-ong. (I) 


13° 15' as" W 


l^ng.inT 


H. M. S. 

. 053 17 



Cos 
Sin 



9029332 
9-895988 



Sin* ^-130791 



Lat. 511° 
M Procyon 

H..M. 

H.A. 2 53 



A x-33 S 
B "hN 

C 119 S 



Gives Az. S 53"*3 E and 
Pos.-linebyCa N5o°E 



2ND OBSBRVAttON : -K CaPELLA TO S.Ed. 

T. alt. of * 83 50 



H. M. S. 

M. T. Green. 6 59 20 
Long, in T. —053 1*7 W 

M. T. So. 6 6 18*3 

Sid. T. (G. noon) 22 4'S 7'9 
Accl. + I 8*9 



Sid. T. Sp. 28 52 35' I 

*'sR.H.(+24) 29 9 ii'4 



^f 's H.A. 



o 16 36*3 E 



X'sH. A. o 16 36*3 " 
if 's Dl. 45° 54' N 

Arc (I) 



Cos 9'998859 
Cot 9986354 



4^° 58' 31" N Cot 9-985213 



Arc (2) 
Lat. 



Cosec 0-143799 
Sin 9-856753 
T. alt. 83° 50' Sin 9-997480 
5 27 o N Cos 9*998032 



5i*»25' 31" N and Pos.-line N 72^0 E. 



Lat. 5ii°N 
^ Capella 

H. M. 

H.A. o 16 



A 18*0 S 
B 14-8 N 

C 3*2 S gives Az.. S 26P-6 E and Pos.- 
' line by C* N 72°'6 E 



Position of ship from chart : Lat, 51° 3i'-8 N., long. 12° 55' W. 
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POSITION OF SHIP FROM TWO EX-MERIDIAN STARS. 

1903. — Soon after sunset on loth April, at about 3 h. 55 m. p.m., A.T. at ship, in latitude by 
D.R. 40*^ 3' S., longitude 174° 5' E. Suppose the following observations to have been takeh : — 

M.T.G. 9 d. 18 h. 18 m. 41 s. ; obsd. alt. of « Procyon 44^ 2' o* N., near the meridian, rising. 

M.T.G. 9 d. 18 h. 23 m. 15 s. ; obsd. alt. of « Sirius 66° 3' <f N., near the meridian, falling. 

Run during intervsd between observations, East (true) }' (=1' E. d. long.); index error, nil; 
height of eye, 28 ft. 

First Observation^ Second Observation. 

, „ H. M. S. H. M. 8. H. M. S. 

174 5 0EWIX3690 Sid. T.(G. noon) z 613*9 S.T.(G.noon) i 613*2 

+ 10 Acd. 18 h. + a 57*4 Accl. 18 h. +2 57*4 

zS^m. + 3-z 23im. + 3-8 

174 6 o E -saz 36 14 

== M. 0*8 RA. z 9 Z3-7 M. Q's R.A. 



Long, (z) 
Run d. long. 

Long, (a) 



9 ^44 



# Pkocyor. 



D. H. M. S. 

M.T.G. 9 zfi z8 4Z 

Long. £ + zz 36 20 



M.T. ship zo 5 55 z 
M.O'sR.A. + z 9 Z37 



Obad. alt.of # 44 2 oN 
38 ft. Cor.T.E. -60 



T. alt. 
Redn. 



Sid. T. at ship 7 4 Z4'7 
*'sR.A. 734147 



^t'sH.A, 



o 30 o E 



Red. M. alt. 



M.ZJ>. 

Decl. 



Latitude 



43 

+ 


56 
3za6 


44 «7a6 
90 


45 32 34 S 

5 282ZN 


40^ 


4 r3S 



By Raper's Ex-meridian Tables. 
H.A. oh. 30 m. Sin sq. 7'63Z T. 69 

Lat. 4tf» S, decl. sj'* N Log 0*330 T. 70 



Redn. 3z' 26" 



Sin 7'96z 



D. ^. M. 8. 

M.T.G. 9 z8 23 zs 

Long. E + zz 36 24 



M Sirius. 



M.T. ship zo 
M.0'sR.A. + 


5 59 39 
z 9 Z4-4 


Sid.T.at8hip 
«*s R.A. 

»'8 H.A. 


7 8534 
64053 

028 oW 



Obsd. alt. 66 3 oN 
a8ft.Cor.T.E.- 5 30 



T. alt. 
Redn. 



Red. M. alt. 



M.Z.D. 
Decl. 



Latitude 



655730N 

+ 47 21 


664451 


fi^jii 


39 50 7 s 



By Raper's Ex-meridian Tables. 
H.A. o h. a8zn. Sin sq. 7'57z T. 69 

Lat. 40P S, decl. i€P'6 S Log 0-568 T. 70 



Redn. 4/ az" 



Sin 8z39 



Position-line for Plane Chart. 
H.A. oh. 30m.) , 
Lat.40°S , [a 6-40 N 
•K Procyon ) B 73 N 

Cor. C» 7-Z3 N gives pos.-Une N 8a*> W 



Position from ike Chart, 



Podtion-line for Plane Chart, 
o , H.A.oh.28m.) , 

Lat 39 59 S Lat. 40^ S \A 683 N 
Long. Z73 27i E « Sirius j B 2*44 S 

Cor. C« 4*39 N gives pos.-line N 770*3 E 
and S 77°'2 W 



4- Stnus 




ITS'ZTi L- 



/O 



I73'20" JO' 40' s50' MA-"* 

As a proof that both the latitude and longitude thus found are fairly correct, the latitude was 
again computed with the hour-angles resulting from the newly found longitude. The latitude by 
* Procyon then comes to 39° 58§' S., and that by * Sirius to 39° 58J' S. The case, however, is a very 
bad one for longitude, and is only given here to show what can be done with observations which 
are taken within the usual ex-meridian limits. Procyon was only ii°*3 from the meridian, and 
Sirius 15°. The D.R. longitude was 38 J' in error, and (as the time at ship was 2J m. in error, owing 
to this large error in the D.R. longitude) the position-lines used for plotting on the chart wek"e 
slightly in error. The azimuth and position-line resulting therefrom were ij° in error in the case 
of Sirius, and |° in error in the case of Procyon. This, however, only very slightly affects the 
position, as the position-lines to use for a correct result would be the mean between that found from 
the true hour-angles, and that resulting from the hour-angles corresponding to the D.R. longitude. 
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IMPROVED "SUMNER" POSITION FROM TWO STELLAR OBSERVA- 
TIONS 
(Combining Chron. Long. Observation with an ex-Meridian below the Pole), 
1898.— Soon after sunset on 25th December, at about 8h. 2 m. p.m., in latitude by 
D.R. 46° S., and longitude 164° 30' E. Suppose the following observations:— 

M. T. Green. 21 h. i m. 20s. when T. alt. of ^ Sinus was 28° 26' E. of meridian. 
•M. T. Green. 21 h. 7 m. 26s. when T. alt. of a Crucis was 20° 45' E. of meridian. 
Run in interval between observations, S. 80°, E. i m. = dep. o'-gS =* d. long. i'-4 E. 
Required the position of ship at time of second observation. 

2ND Observation : -H a Crucis. 



1ST Observation. 

M. T. Green. 21 1 20 Dl. of « Sinus. 

Sid. T. (G. noon) 18 12 8-3 o ' „ 

Accl. 3 272 16 35 S 



H. M. S. 

M. T. Green. 21 7 26 
Long. E + 10 59 55 



Sid. T. Green. 15 16 555 P.I>. 73 a5 



^ SiRius TO N.Ed. 



A 

L 
P 



S 
S-A 



28 26 
46 o 
73 25 

U7 51 

73 55i 
45 29I 



Sec 0*158229 
Cosec 0-018451 



M, T. Sp. 
M. 0's R.A. 


8 7 21 
18 15 36*3 


Sid. T. Sp. 
*'sR.A. 


- 2 22 573 
12 20 59*6 


*'s H.A. 


- 9 58 2-3 E 

12 



' Cos 
Sin 



9-442316 
9'853i8o 



9t's H.A. 
**s R.A- 



H. M. S. 

- 4 23 59 E 
6 40 44 



SinS 9-472176 



Sid. T. Sp. 2 16 45 

Sid. T. Green. 15 16 55'5 



-46 N 

•33 s 



Sapt. 2h. im. 58 s. 
Decl. 62° 32' S 

Arc (I) 24« / 45" S 



Arc (2) 21 22 17 S 
Lat. 45 30 2 S 



H. M. s. 

Sid. T. (G. noon) 18 12 8-3 
Accl. + 3 28-0 

M. O's R.A. 18 15 36*3 



^*s Dl. 62 32 S 



Cos 9*935358 _ 

Cot 9-715859 Cosec 0051940 

Tan 9-651217 Cos 9-960293 

T. alt. 20° 45' Sin 9'54936o 

. . . . Sin 9-561593 



Long, in T. 10 59 49*5 



Long. 
Run 



164° 5/ 22" E 
1 24 E 



Ca -13 N 
Pos.-line 7l°W 



H.A. 9 58 E ) 
Lat. 45* S \ 

* a Crucis 



, A 1-73 S 
j B 3-80 S 

Ca 553 S gives Pos.-line S79l°W 



Long. (1) 164 58 46 E - loh. 59m- 55s. 

at time of 2nd ^...i«,_ 

obsn. 



M Sirius with latitude 46° S. gives longitude 
164° 58' 45" E., and position-line for plane 
chart N.yi'^W. 

* a Crucis with longitude 164° 58' 45" E- 
gives latitude 45"^ 30' S., and position-line 
S. 80° W. 

Chart position: Latitude 45° 30' 7 S., longi- 
tude 164° 55' E. 



High-declination stars, such as a Crucis, are 
very useful for ex-meridians, as, if the time is 
only approximately correct, the latitude will 
not be far from the truth if the body is within 
an hour from the meridian below the Pole. 
In low latitudes the same results may be 
obtained an hour from the upper meridian 
passage. 

In this example, notwithstanding that the 
star a Crucis is over 2 hours from the lower 
meridian passage, i m. of error in the time 
used for ex-meridian would only make 2^' of 
error in the resulting latitude. 



JbsUt^my 



k 



Pl>M*l*l'l *l*h l «-l*V 



30 



so 



46 



16+50 



165 
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THE SUPERIORITY OF STELLAR OVER SOLAR OBSERVATIONS. 

The two great advantages of stellar over solar observations are (i) that by the stars 
the latitude and longitude can be obtained simultaneously, instead of having an interval 
•of three or four hours between the observations as is often the case when the sun is 
used, and (2) that uncertain errors in altitude resulting from personal equation, arc 
•errors of sextant, or exceptional refraction may be practicallv eliminated by a proper 
choice of stars. If meridian altitudes can be obtained about the same time to the north 
.and south of observer, it will be Apparent to any one that the errors would be eliminated 
by taking the mean result of the two observations for the true latitude ; and in the same 
-way the true longitude would be found by the mean result of observations taken nearly 
•east and west of meridian. But it may happen that stars are not to be found north, 
.-south, east, and west of observer during the short time that the horizon is good for 
•observation. The following is the plan that the writer used for several years with great 
:success : Take three stars, and 01 these choose two on the same side of the meridian 
morthward and southward of the observer for a good latitude. If they both happen to be 
the same distance from the meridian, as in the following example, 10' of error in the 
^titude will make practically no difference in the resulting latitude as found b^ the 
*' Sumner " or double-altitude problem. Then choose another star on the other side of 
the meridian, as near as possible the same distance from the meridian ; calculate the 
longitude with the latitude found from the previous observations, and the true longitude 
will be obtained by taking the mean between the eastern and western stars worked with 
the correct latitude. 

Elimination of Errors in Altitude, 
Diagram showing how the true latitude may be found by the ** Sumner" 
method even when altitudes have been observed by a sextant with large unknown arc 
«errors. 



Biittguest. 




^ See worked-out example from which this is taken on the following two pages. 
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POSITION OF SHIP FROM OBSERVATION OF THREE STARS, 

Thereby eliminating Errors in Position resulting from Unknown Errors in 

Altitude. 

1898.— On March i8th, at 8 h. 11 m. p.m., A.T. at ship, in latitude by D.R. 44° 32' S., 
longitude 152° 20' E. Required the position of ship from the following observations : — 

, D. H. M. S. 

(i) ^ Achemar's correfbted alt. 33 27 W of mer. vrhin chron. showed M. T. Green. 17 22 5 50 

(2) * Betel^uese " „ 30 ^3 W . " . , 17 22 9 33 

(3) * ^ Centauri „ 38 32 E « . „ 17 22 12 17 

Ship making a true east course at speed of X2 miles per hour. 



(I) Decl. 



P. D. 



57 45 17 S 
90 o o 



(2) Decl. 



7 23 16 N 
90 o 



P. D. 97 23 i6 



(3) Decl. 



P. D. 



59 52 58 S 
90 o o 

30 7 2 



3iD. T. (G. Noon). 

H. M. s. 

17th 23 40 i9'67 

Accl. 22 h. 5| m. + 3 37-8 . 

Cor. Sid. T. 23 43 5747 

M,T. G, 22 5.5' 

Sid. T. Green. 2; 49 47'47 



Sid. T. (G. Noon). 

H. M. s. 

23 40 19-67 

Accl. 22 h. 9^ m. + 3 38*40 



Cor. Sid. T. 
M. T. G. 



23 43 5807 
22 9 33 



Sid. T. Green. 21 53 31-07 



Sid. T. (G. Noon). 

H. M. s. 

23 40 19-76 

Accl. 22 h. i2^m. + 3 38-86 

Cor. Sid. T. 23 43 5853 

M. T. G. 22 12 17 

Sid. T. Green. 21 56 1553 



^ ACHERNAR TO S.Wd. 



^ Betelguese TO N.Wd. 



A 
L 
P 


33 27 , 
44 32 
32 15 


Sec 0-^47006 
Cosec 0-272772 


A 
L 
P 


30 13 
44 32 
97 23 


Sec o'X47oo6 
Cosec 0-003616 




loi 14 






172 8 






S 
S-A 


55 7 
21 40 

H. M. S. 

6 25 185 W 
I 33 544 


Cos 9-757326 
Sin 9567269 


S 
S-A 


86 4 

55 51 

H. M. S. 

2 XI 41-6 W 
5 49 406 


Cos 
Sin 


8*836297 
9*9x7805 


-)f'sH.A. 
•)f'sR.A. 


Sina 9744337 


«'8H.A. 

*'8R.A. 


SinS 


8-904724 


Sid. T. Sp. 7 59 12-9 
Sid. T. Green. 21 49 475 


A -11 S 
B r59S 


Sid. T. Sp. 
Sid. T. Green 


8 I 22-2 
2X 53 311 


A 
B 


x-52 N 
1-24 N 


Long, in T. 


10 9 254 


Ca 1-70 S gives 


Long, in T. 


10 7 511 


Ca 


x*76N gives 


Longitude 
Run 


152° 21' 21" E 
X E 


Pos -line S 59^" E 


Longitude (2) 151° 57' 46" E 
„ (x) 152 22 21 E 


Pos.- 


lineN6oi°E 



Long, (i) 152 22 2x E 



Difif. long. 



24 35 - 24'-6 



S-A 



-Jf 's H.A. 
-Jf's R.A. 

Sid. T. Sp. 
T. Gr 



# ^ Centauri to S.Ed. 



3832 
44 25 
30 7 

"3 4 

5632 
x8 o 



Sec 0-X46138 
Cosec 0-299502 



Cos 9-741508 
Sin 9*489982 



- 5 48 45'3 E Sina 9677x30 
X3 56 41*2 " — — 



8 7 559 
56 X5-6 



Sid*. T. Green. 

Long, in T. xo xi 40-3 



A *o5N 
B x-73 S 



Long, (i) cor. = 1-70 S to E 
Long. (2) cor. — 1*76 N to E 



D. long. 3*46 : d. long. 24*6 : : lat. i : lat. cor. 7-x N 



Long. 



Ca x-68 S gives 
152° 55' 5" E Pos.-line S59°'2W 



Lat. used 
Cor. 

Lat. in 



Long. (I) 
7'*i X x'-7 



4432 oS 
7 6N 



44 24 54 S 



152 22 21 E 
12 4W 



Lonf^. in 

Run m interval 

Long. 



X52 10 17 E 

45 E 



152 IX 2 E when fi Centauri was 
^^— oDserved. 



(.ong. by W star 
« E star 



152 55 5 E 

152 II 2 E 

2) 304 66 7 

» by mean oi obsns. 152 33 3 E 
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POSITION OF SHIP FROM OBSERVATION OF THREE STARS. 

(This is previous example worked with lo' less altitude for each star. Result the same.y 

1898.— On 18th March, at 8 h. 11 m. i>.m., A.T. ship, in latitude by D.R. 44° 32' S... 
longitude 152° 20' £. Required the position of ship from the following observations : — : 

o i D. H. M. s. 

(1) # Achernar true alt. 33 17 W. of mer. when chron. showed M. T. Green. 17 22 3 50 

(2) * Betelguese . 30 3 W. , . , X7 33 9 33 

(3) * fi Centauri • 38 33 E. • , . 17 33 13 17 

Ship making a true east course at speed cf xa miles per hour. 



(I) Decl. 



57 45 17 S 
90 o o 



P. D. 33 14 43 



(3) Deck 



7 33 16N 
90 o o 



97 33 16 



(3) Deck 



59 53 58 S 

90 o o 
30 7 3 



Sid. T. (G. Noon). 
H. u. s. 
17th 23 40 19-67 

Accl. 22h. 5|m. + 3 37'8o 

Cor. Sid. T. 23 43 57*47 

M. T. Green. 22 5 5© 

Sid. T. Green. 21 49 47'47 



Sid. T. (G. Noon). 

H. M. S. 

33 40 19-67 

Accl. 22h. 9|m. + 338*40 



Cor. Sid. T. 
M. T. Green. 



Sid. T. (G. Noon). 

. . . . . 23 40 i9*6r 
Accl. 22 h. i2|m. + 3 38-86- 



33 43 58*07 
32 9 33 

31 53 31*07 



Cor. Sid. T. 
M. T. Green. 



33 43 58*53^ 
22 12 17 



Sid. T. Green. 21 56 15*53. 



^f Achernar to S.Wd. 



^ Betelgubse to N.Wd. 



33 17 
44 33 
33 15 



55 3 
31 45 



Sec 0-147006 
Cosec 0*272772 



Cos 9-758330 
Sin 9-568856 



S 
S-A 



30 3 
44 33 
97 33 

171 58 

85 59 
55 56 



Sec 0147006 
Cosec 0-003616 



Cos 
Sin 



8-845387 
9*918333 



^f'sH.A. 
^'s R.A. 



6 '26*46 9 W 

I 33 54*4 



Sid. T. Sp. 8 o 41-3 

Sid. T. Green. 21 49 47*5 



Long, in T. 10 10 53-8 



Longitude 
Run 

Long. (I) 



152° 43' 2/' E 
I o E 



152 44 37 E 



Sin2 9746864 



•12 S 
159 s 



C2 171 S gives 
Pos.-line S 59°*6 E 



#'s HA. 
*'s R.A. 



Sid. T. Sp. 



2 13 11*2 W 

5 49 40-6 
8 2 5i'8 



Sid. T. Green. 21 53 3i*i 

Long, in T. 10 9 20-7 

Longitude (i) 152° 20' lo^' E 
» (2) 152 44 37 E 



Sina 

A 
B 


8-914242 

1-50 N 

•24 N 


Ca 1-74 N gives: 
Pos.-lineN6o°-iE 



Diff. long. 



24 17 - 24''3 



« p Centauri to S.Ed. 



S 
S-A 



38 22 
44 25 
30 7 

112 54 

56 27 
18 5 

5 56 12-8 E Sina 9-680024 
3 56 41*2 



Sec 0-146138 
Cosec o-299;;o2 



Cos 9-742462 
Sin 9-491922 



^f'sH.A. 
^f'sR.A. 



Sid. T. Sp. 8 6 28-4 

Sid. T. Green. 21 56 15-5 

Long, in T. 1010.12-9 

Long. 152° 33' 14" E 



Long, by W star 
, E star 



152 33 14 E 
152 33 10 E 



Long, (i) cor. 
Long. (2) cor. 

D. long. 



Lat. used 
Cor. 



Lat. in 



Long. (I) 
7'-04 X 1-71 



Run in interval 
Long. 



1-71 S to E 
1-74 NtoE 

3-45 : d. long. 24' -3 : : lat. i' : lat. cor. /•04. 



44 32 Q S 
7 o N 



4425 o S 



153 44 27 E 
12 2 W 



152 32 25 E 
45 E 



152 33 10 E when fi Centauri was 
^— I ; observed. 



by mean of obsns. 152 33 12 E 



With the above correct altitudes, the longitude 
calculated with correct latitude, 44° 25' S, would 
be practically the same by all three stars. 
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EXAMPLES TO FIND STARS SUITABLE FOR DETERMINING POSITION 
BY SIMULTANEOUS ALTITUDES. 



Example i. 

1898. — On 229d February, at about sh. 30m. p.m., in lat. by D.R. 49° 20' N., 
long. 8° 45' W. Find wliat stars not less bright than mag. 05 are suitable for 
determining the position of ship by simultaneous altitudes. 



H. M. 

22 24 
Sp. + 5 30 



A. 0's^R.A. 22 24 



H. M. H. M. H. M. 

R.A. mer. 3 54 3 54 3 54 3 54 

9(- Capella R.A. 59 M Rigel 5 10 ^ Sirius 6 40 ^f Procyon 7 34 

^'sH.A. I 15 E H.A. I 16 E H.A. 2 46 E *'s H.A. 3 40 E 

R.A. mer. +24h. 2754 The only stars of this magnitude (not including 

* Vega 18 33 planets) which would be above the horizon would be 

^.gjjj^ TTiW Capella, Rigel, Sirius, and Procyon east of meridiem, 

= and Vega to the west. 

Rigel and Capella, having nearly the same R.A. and a large difiference in de- 
clination, will always make a good cut with one another ; also, position-lines from 
Vega and Capella will nearly always cross one another at a good angle in the Northern 
Hemisphere, as these stars are about 10^ hours apart in R.A., and in high northern 
latitudes they both remsun almost continuously above the horizon. In this case either 
Capella or Procyon, worked for longitude, would make a good cut with any of the other 
three stars, which would be nearer the meridian than the prime vertical, and could 
therefore be worked for latitude, Rigel and Sirius being to the south and Vega to the 
north. 



Example 2. 

1898. — On 25th June, at about sh. p.m., in lat. by D.R. 40° S., long. 171° E. 
Find what stars not less bright than mag. 05 are suitable for determining the position 
of ship by simultaneous altitudes. 

H. M.- 

6 16 
A. T. Sp. +50 



A. 0's R.A. 6 16 

\.T. : 

H. S. H. M. 

R.A. mer. 11 16 11 16 11 16 

^ Achemar R.A. i 34 ^ Rigel R.A. 5 10 ^ Canopus R.A. 6 22 

*'sH.A. 9 43 W ^f'sR.A. 6 6 W ^'sH.A. 4 54 W 

-H. M. H. S. H. M. 

R.A. mer. 11 i6 11 16 . 11 16 

^ Sirius 6 41 ^ Procyon 7 33 ^ Arcturus 14 " . 

*'sH.A. 4 35 W *'sH.A. 3 43 W ^f'sH.A. 2 55 E 

It will be seen at once that Sirius, nearly on the prime vertical, and Achemar, 
near the meridian below the Pole, will give a splendid position. Canopus would also 
give a good longitude in combination with Achemar, or position-line from Procyon to 
N.W. would cross well with Arcturus to N.E. Rigel, having a very small altitude, 
would probably not be seen. 

Note. — The planets Venus, Jupiter, Saturn, and Mars make good daylight stars 
for observation. Venus, the brightest of all, is nearly always available for longitude 
either in the early morning or evening. The relative positions of the other planets 
with the sun vary continuously. 

In the Northern Hemisphere Vega and Altair, or Rigel and Capella, nearly always 
'pair well together : when the first pair are morning the other are evening stars, and 
vice versa. In the Southern Hemisphere Canopus and Sirius, or either a or ^ Centauri 
and Arcturus, make good pairs for determining positions. In higher latitudes, in place 
of Arcturus, Achemar will always make a good cut with either of the Centaurs. 
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DOUBLE-ALTITUDE POSITION BY SUN AND MOON. 

LONGITUDB BY CHRONOMETER, AND BX-MbRIDIAN 3 HoURS FROM THE MERIDIAN. 

1898.— On 2nd January, at about 3 p.m., A.T. at ship, obssrved altitude of moon's 
U.L. was 26° 33' o" E. of meridian when chronometer showed M.T. Green. 3 h. 48 m. 
30 s., and observed altitude of sun's L.L. was 5° 30' 45" W. of meridian when chrono- 
meter showed M. T. Green. 3h. 53 m. 7s. Latitude by D.R. 51® 30' N., longitude 
12° 20' W. Height of eye, 33 ft. Run in interval between observations, i m. on a true 
S. 85° E. course = dep. i''o = d. long. i''6 E. 

Required the position of ship at time of second observation. 



Obsd. alt. of <r 
Dip 33 ft. 

Semi-d. 



26 33 oE 
- 5 39 



s6 27 21 
- 14 55 



App. alt. ([ 's centre 26 12 26 
Cor. T. 39 Raper I . ,< ,„ 

V 7. alt. d 's centre 26 59 5 



C[ 's R.A. 4 h. 
a"035s. X 11*5 m. 

Cor. R.A. 



H. M. s. 

2 40 33'3 

- 234 



■ (['sdecl. 4h. 
8"'3 X ii'sm. 

Cor. decl. 

P. D. 



Sid. T. (G. noon) 18 48 34-53 
Accl. 3 h. 48^ m. + 3r54 



20 54 29N 
I 35 S 

ao 52 54N 

69 7 6 



M. O's R.A. 



z8 48 Z2'07 



Obsd. alt. O 5 30 45 W 

33ft.T.E. i"4 l + X 42 

Jan. + -3 ; ^ ' ^ 

T. alt. -6- : J 32 27 



A 
L 
P 



26 59 
51 30 
69 7 

14736 

t3 4« 
46 49 



Sec 0-205850 
Cosec 0*029510 



Co« 9*445500 
Sin 9*862827 



O's decl. 22 53 42 S 

i4"o X 3*9 h. - 55 



Eq.T 
i'i6s. X 3-911 



M. S. 
4 23'25 

+ 452 



Cor. decl. 



22 52 47 S Cor. Eq. T. 4 27-77 



d'sH.A. -450 34 E Sin2 9543777 
(l'sR.A.4*24h. 26 40 9-9 ^==^ 



R.A. mer. 
M. O's R.A. 

M, T. Sp. 

M. T.'Green. 



21 50 6-5 

Z8 48 12*1 

3 o 544 
3 48 30-0 



A -405 
B ^oN 

C *oo gives Az.N 90° E 



H. M. 8. 

M. T. G. 3 53 7 
Long. W o 47 29*2 



Long, in T. o 47 35*6 

Long. 11° 53' 54" W 

Run I 36 E . 

H. M. s. 

Long, (x) II 52 I8W — 47 29-2 



M. T. Sp. 3 5 37-8 
Eq. T. - 4 27*8 

A. T. Sp. 3 I 10 
0'« decl. 22 52 47 



Cos 9-847263 
Cot 0374688 



Arc (i) 30° 57* 28" S Cot 0-221951 



Cosec 0*410276 
Sin 9-711306 
. . . T. alt. 5° 32i' Sin 8984840 

Arc (2) 82 39 34 N Cos 9-106422 

Lat. 51° 42' e"N — — 



Position of ship = Lat. 51° 42' N., Long. 11° 52 J' W. 

As the moon was on the prime vertical when the altitude was taken, the time 
deduced from this observation should be absolutely correct, and the latitude by ex- 
meridian of the sun will also be correct without any additional work. 



Note, — The work of correcting the moon's semidiameter and horizontal parallax is 
not here shown. These elements should be taken from the Nautical Almanac (p. Ill) of 
the month, where they are given for Greenwich noon, and midnight, for every day of the 
year. For accuracy, a correction is necessary for the number of hours from noon or 
midnight^ and also two other small corrections — one for parallax, for the figure of the 
earth, and the other for moon's augmentation with increase of altitude. For sea 
observations these corrections can usually be made with sufficient accuracy at sight. 
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POSITION FROM TWO CHRONOMETER LONGITUDES BY SUN AND 

MOON. 

1898. — On loth July, at about 8 h. 5 m. a.m., A.T. ship, the observed altitude of o's 
L.L. was 35° 12' 30" when a chronometer showed M. T. Green. 20 h. 45 m. 40 s., and 
observed altitude of (['s U.L. was 39° 47' 20" W. of meridian when the chronometer 
showed M. T. Green, 20 h. 48 m. 48s. Latitude by D.R. 49® N., longitude 10° 45' W. 
Height of eye, 28 ft. Run in interval between observations, N. 80° E. o''5 = d. lat. 
o''i N. ; dep. o'*5 E. = d. long. o'*66 = o' 40" E. 



Obsd.alt.ofO 35 W5 O's Dl. nth 
Cor.TableE28ft. + 95 ^^' ^ ^^' 
Cor. decl. 



22 13 iN 
+ I 2 



T. alt. -0- 



Ea. T. nth 
3in. X 35 s. 

Cor. Eq. T. 



A 
L 
P 



S 
S-A 



35 22 



P. D. 



22 14 3N 
6746 



5' 567 Sid.T.(G.nopn)7 94703 
-- I-I4 Accl.2oh.482Ai. + 3 25'i5 



5 4-53 M. O's R,A. 7 13 I2-I8 



35 22 
49 o 
6746 

152 8 

76 4 
40 42 



Sec 0*183057 
Cosec 0-033553 



Cos 9*381643 
Sin 9*814313 



O's H.A. 

A. T. Sp. 
Eq.T. 



4 4 30*4E Sin3 9*412566 



19 55 29*6 
+ 5 4'5 



M. T. Sp. 20 o 34*1 

M. T. Green. 20 45 40 

Lonf;. in T. o 45 6 



Longitude 
Run 



64 S 

•47 N 



A 

B 



Ca •i7StoW 



Long. (I) 



U° 16' 3<y'W 
40 E 

II 15 50 W 



Obsd. alt. of d 
Dip 28 ft. 



Semi-d.» 
App. alt 



39 47 20 d 's R. A. 21 h. 
— 5 13 ii*2in. X 2*os. 



39 42 7 
- 15 36 



Cor. R.A. 



H^f'tfiV^fii" 392631 ci'sD1.2ih. 

Cor.-^'pI^.39}+^^5 "•2m.xi2"*8 



T. alt. d 's centre 40 8 56 



Cor. decl. 
P. D. 



H. M. S. 

o 44 665 

22*4 
o 43 44*25 



10 29 20N 
— 2 23 

10 26 57 N 
79 33 3 



A 
L 

P 



S 
S-A 



40 9 
49 o 
79 33 

168 42 

84 21 
44 12 



Sec 0*183057 
Cosec 0*007265 



Cos 
Sin 



8*993222 
9843336 



d'sH.A. 

a 's R.A 



R.A. Mer. 3 16 i*6 

M. O's R.A. — 7 13 12*2 

M. T. Sp. 20 2 49*4 

M. T. G.* 20 48 48 

Long, in T. o 45 58*6 



2 32 17*4 W Sin2 9*026880 
o 43 44*2 



Long. (1) 
Long. (2) 

Diff. long. 



11° 29' 3^' W 
ri 15 50 W 

13 49 



1-34 ) i3"8 ( 10*3 
13-4 

40©^ 
402 



1*47 S 
•30 N 



C2 1*17 S to E 



Cor. 
Cor. 



1*17 S to E 
*i7StoW 



d. long. 1*34 



d. long. i'34 : lat. I'o : : 
d. long. 13*8 : lat. cor. 10' 3 S 



A /J 



Lat. used 49 o o N 
Cor. 10 18S 



Lat. in 48 49 42 N Long, in if 17 35 W 




Long. (I) II 15 50 W 
'•17 X 10**3 — I 45W 



^Co/rtot^. 



See note om p^revioas page jibout correcting moon's scmidiametor and horizontal parallax for 
Greenwich date. 
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EXAMPLES TO FIND THE ERROR AND DEVIATION OF THE COMPASS, 

(i.) By Sun's Azimuth. 

1903.-00 23rd June, p.m., at ship, in latitude 35° 30' S., long. 175° o' E., when a 
chronometer which kept mean time at Greenwich showed 22 d. 16 h. 11 m. 39 s. the 
sun bore by compass N. 70° W. 

Required the true azimuth and error of the compass by the A, B, C, Azimuth 
Tables; and supposing the variation to be 13° 30' E., required the deviation of the 
compass for the direction of the ship's head. 



D. H. M. s. 

M.T.G. 22 16 II 39 
Long. E + II 40 o 



M.T.ship23 3 51 39 
Eq. T. - I 39 



A. T. ship 



Lat. 
Decl. 



3 50 o \ 



3530S 
23 27 N 



Dccl. 23 27 S 



= H.A West 



•45 N 
•51 N 



Eq.T. 
Cor. 



I 42'8 
- 4'2 



Cor. Eq.T. I 38-6- M.T 



Cor. -96 N gives True Az. from Table C N 52° W 
= Compass bearing N 70° W 



Error 
Var. 



Deviation 



18 E 
4E 



S. H. 

•54 X r8 
4*2 s. 



(2.) By Star's Azimuth. 

1903.— On 15th November, at about 3 h. 20 m. a.m., at ship, in latitude 39° 30' S., 
longitude 177° 30' E., when a chronometer (corrected) indicated mean time at Greenwich 
14 d. 3 h. 30 m. the star a^ Centauri bore by compass S. 41° E. 

Required the true azimuth and error of compass by the A, B, C, Time Azimuth 
Tables; and supposing the variation to be 15° 30' E., required the deviation of the 
compass for the direction of the ship's head. 



D. H. M. S. 

M.T.G. 14 3 30 o 
Long. E + II 50 o 



H. M. S. 

Sid. T. (G. noon) 15 29 38-6 
Accl. 3h. 30 m. + 34-5 



M.T. ship 14 15 20 o 
M. 0's R. A. + 15 30 13 



M. O's R. A. 15 30 i3'i 



Sid. T. ship — 6 50 13 or R. A. of the meridian 
«'sR.A. 14 33 I 



*'sH.A. 



Lat. 

^ a Centauri 



742 48 
^ab^le B 



A -39 S 
B 196 S 




1 Table C 235 S gives True Az. 


828-9 E 
S4i*o E 


Error 
Var. 


12*1 E 
15*5 E 


Deviation 


3-4 W 



Note. — The H.A. of a star is found by taking the difference between the Sid. T. 
at ship and the star's R.A. The H.A. is east when Sid. T. is least, and west when 
Sid. T. is best. 



91 

^EXAMPLES TO FIND THE CORRECT HOUR-ANGLE AND AZIMUTH WHEN TIME 
IS GIVEN IN NEW ZEALAND MEAN TIME. 



(i.) Sun's Azimuth. 

1904. — On 24th May, at 3h. om. p.m., New Zealand mean time. Required the sun's true 
■azimuth by the A, B, C, Azimuth Tables, at Nelson, in lat. 41° 17' S. and long. 173° 15' E. = 
II h. 33 m. 



D. H. M. 

M.T.N.Z. 24 3 o 

Long. xytP 30' E — 11 30 



Q's Decl., 23rd 

Hr. var. 29" x iS'j h. = cor. + 7 30 



20 24 II N 



M. S. 

Eq. of Time 3 32*3 

Hr.var.o'iSs. x 15-511.= cor. — 2*8 



M.T.Green. 
Long. Nelson 


23 15 30 ^ 
+ II 33 E 


Cor. Decl. 

Lat. 41-3 S 1 
Decl. 205 N 

H.A. 3h.6m. 


20 31 41 N Cor. Eq. Time 

A -siN 
B -51 N 

C 1*35 N gives O's true Az. N 447 W 


3 295 


M.T.Nelson 
Eq. of Time 

A. T.Nelson 


24 3 3, 
+ 3i 

24 3 6J 





O's Azimuth by Burdwood's Tables, N 44'''6 W 



(2.) Sun's Azimuth. 



1904. — On 23rd December, at 7 h. o m. p.m., New Zealand mean time. Required the sun's true 
azimuth by the A, B, C, Azimuth Tables, at Wellington, in lat. 41° 17' S. and long. 174° 45' E. 



Long, for Standard time 172 30 E 
» Wellington 174 45 E 



"Cor. for diflf. of long. 



3 15 = + 9 m. to N.Z. M. time 



[Note.— The Decl. and Eq. of Time mav be taken out 
at sight with sufficient accuracy for azimuth purposes.] 



M.T.N.Z. 
•Cor. for long. 

M.T.atWelUngton 
Eq. of Time 


0. H. M. 
23 7 
+ 9 

23 7 9 
+ I 


Lat. 
Decl. 

H.A. 


*'°3 1 1 

235 s . 

7h. 10 m. 


A 28 S named S because H. A. is more than 6h. 
B 45 S 


A. T.Wellington 


23 7 10 


C 73 S gives 0's Az. S 61-2 W 



0's Azimuth by Burdwood's Tables, S 6i°-2 W 



(3.) Star's Azimuth. 



1904. — On 15th September, at 7h. 30 m. p.m.. New Zealand mean time, in lat. 43° 30' S. and 
long. 169*' 40' E. Required the true azimuth of star a Centauri by the A, B, C, Azimuth Tables. 



M.T. N.Z. 
Long. 172° 30' 


E 

E 


D. H. M. S. 

15 7 30 
- II 30 


Sid. T. (Green, noon) 14th 
Accl. for 20 h. 

M. 0'sR.A. 


H. M. S. 

II 29 8-8 

+ 3 in 


M.T.Green. 
Long. 169° 40' 


14 20 
+ II 18 40 


II 32 259 




M.T. ship 
M.0'sR.A. 


15 7 18 40 
+ II 32 26 


Lat. 43-5 S ] 
a Centaun 

H.A. 4 h. 18 m. 


i/.»i'>t 


B 195 S 
C rsoS g 


Sid. T. ship 
^f'sR.A. 

*'8H.A. 


18 51 6 
1433 I 

418 5 w 
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GREAT-CIRCLE SAILING COURSES. 

The initial great-circle courses between any two places on the globe comprised 
within the zones of latitudes 85° N. and 83° S. may be quidkly determined by the aid. 
of the A, B, and C Tables. (See rule and examples below.) 

RuLB. — Turn the difference of longitude between the two places into time, and 
consider this as the hour-angle ; with this H.A. and the latitude of departure as latitude,. 
takeout the factor from Table A, and with the latitude of destination as declination,, 
enter Table B. Follow the same rules as for finding and naming the azimuth, and 
Table C (azimuths) will give the initial course. Reverse the process, and we have the 
course at point of destination. 

The following examples are taken from Norie's Epitome, so that it may be readily 
seen that there is no appreciable difference between the course as found by these 
tables and that obtained by the more rigorous and lengthy calculation which is- 
generally used : — 



Example (i). — Required the great-circle initial courses between Cape Runaway,. 
New Zealand, in latitude 37° 31' S., longitude 178° i' E., and Cape Horn, in latitude- 
55° 59' S., longitude 67° 16' W. 

(I.) Lat. 37 31 S. Long. 178 i E. ) d. long. h. m. s. 
(2.) Lat. 55 59 S. Long. 67 16 W. j 114° 43' - 7 38 52. 



Lat. 37§ o 
Decl. 56 o S. 



' 1 

S. ]■ 



B 1-64 S. 



C 1-99 S. gives Co. S. 32^° E. 



H. M. 

H.A. 7 39 y 


A 


•68 S. 


Lat« 56 S. 


. B 


•84 s. 


Decl. 37ioS. i 


C 


1-52 s. 



Course from Cape Runaway, S. 32^° E ; or from Cape Horn, S. 49^° W. 



Example (2).— Required the initial great-circle courses between Otago, in latitude- 
45° 47' S., longitude 170° 45' E., and Panama, m latitude 8° 57' N., longitude 
79°3i'W. 

(I.) Lat. 45 47 S. Long. 170 45 E. ) d. long. h. m. s. 
(2.) Lat. 8 57 N. Long. 79 31 W. » i09*» 44' = 7 18 56. 



H. M. 

H.A. 7 19 
Lat. 45| o S. 
Decl. 9 o N. 



A -37 S. 
B 17 N. 
C -20 S. gives Co. S. 82° E. 



H. M. . . 
H.A. 7 19 

O I 

Lat. 9 o N. 
Decl. 4S| o S. 



A 06 N. 
B 109 S. 
C 1038. gives Co. S. 44j° W^ 



Course from Otago, S. 82° E. ; or from Panama, S. 44^® W. 



Example (3).— Required the initial great-circle courses between a position off 
Lizard, in latitude 49° 50' N., longitude 5° 12' W., and 5 m. E. of Barbadoes, in 
latitude 13° 6' N, longitude 59° 20' W. 





(r.) Lat. 49 50 N. Long 
(2.) Lat. X3 6 N. Long. 


5 12 W. ) d. long 
59 20 W. \ 54° 8' 


. H. M. s. 

= 3 36 32. 




H. M. 

H.A. 3 36 > 


A -86 S. 


H. M. i 

H.A. 3 36 \ A -17 S. 




/ 
Lat. 49 50 N. 

Decl. 13 N. 


. B 29 N. 

C -57 S. gives Co. S. 69°-8 W. 


/ 
Lat. .3 N. 

Decl. 49 50 N. 


. B 1-46 N. 

C 1-29 N. gives Co. N. 38^° E 



Course from Lizard, S. 70° W. ; or from Barbadoes, N. 38^° E. 



93 

EXAMPLES TO FIND THE ERROR OF COMPASS FROM BEARINGS OF 
THE MOON AND OF THE STAR POLARIS. 

(i.) By Moon*s Azimuth. 

1898. — On 6th January, at about gh. 46m. a.m., M.T. at ship, in latitude 72* N., 
and longitude 25° 15' E., when a chronometer showed M.T. Green. 2oh. 5m. 3s. the 
moon bore by compass N. 25° W. Required the moon's true bearing and the error of 
compass for the direction of ship's head. 



H. M. S. 

M.T. Green. 5 d. ao 5 3 
Long. E + I 41 


H. M. S. 

(t'sR.A. 2oh. 5 49 34 
a a 8. X 5 m. - + n 


(['sdecl. 20h 

i^-sexsm. - 

Cor. decl. 

A ii'-5 N 
B 1-88 N 

C 13-38 N gives 

Compass bear 
Error 


26 


028N 
9 


M. T. Sp. ai 46 3 
Sid. T. (G. noon^ 19 24 
Accl. 2oh. 5 m. + 3 18 


Cor. R.A. 5 49 45 

H.A. ixh. om. V 

Lat.72''N 
Decl. 26« N 


19N 


As. 

ng 




R.A. mer. 16 49 45 
<t 's R.A. 5 49 45 

4VH.A. II oW 


NI3-6W 
N 250 W 




•ii-4 E 



(2.) By Star Polaris Azimuth. 
1906.— On 6th February, at 10 h. 30m. p.m., A.T. at ship, in latitude 25° N., 
longitude 35*^ 45' E. Suppose ^ Polaris bore N. 4° E. Required the error of com- 
pass for the direction of ship's head. 



A O's R.A 21 18 Lat, 

^f's R.A. + (24 h.) 25 25 



Lat. 25° N. ) o 

H.A. 6h. 23 m. \ gives Az. N 1*3 W. 
Table G., p. 61 ) 



A.T. of ^'s mer. pass. 4 7 

A.T. at ship 10 30 Compass bearing N 4*0 E. 

*'s H.A. 6 23 W Compass error 5-3 W. 



ILLUSTRATIONS TO SHOW HOW LIVES MAY BE SAVED BY THE 
CAREFUL OBSERVER, AND, CONVERSELY, HOW LIVES ARE 
OFTEN LOST. 

As it has been the duty of the writer for the last few years to carefully go over all 
the evidences in connection with strandings, &c., on the New Zealand coast, he has 
been more than ever impressed with the value of keeping up regular systematic bear- 
ings and astronomical observations. Personally, he has known the comfort and benefit 
of doing so by several years' experience, and of late has many times noted the sad 
consequences of neglect to do so. 

As an illustration, let us take the case of a barque which stranded in Nov., 1904, 
about 1 1 miles south of Kaipara Harbour. She was bound to Kaipara Harbour from. 
Sydney in ballast, and at noon on 15th November, 1904, was about 143 miles from Kaipara 
Heads, with a fresh fair wind for her port. Towards evening (the weather apparently 
still fine) the barometer began to fall, and at 3 a.m. the wind had increased to gale 
force from W.S.W. Shortly afterwards land was seen, estimated to be 6 to 8 miles ofi". 
The land sighted was considerably to the southward of Kaipara Harbour, and the 
ship being in ballast it was impossible to beat 'off the coast to make either Kaipara 
. or Manukau Harbours ; there was therefore nothing left to be done but to run the ship 
on the softest spot on a lee shore. Now, had the master of this vessel been in the habit 
of getting the ship's position shortly after sunset by stellar observations, he would in all 
probability have been able to get a very accurate determination of the ship's position at 
about 7 p.m., or a little later, when only 50 miles or less from the range of Kaipara 
light, which he could then have steered for with confidence, and a certainty of making ; 
and, as it happened to be H.W. at about 2 a.m., he would have had everything in his 
favour for an easy run into the harbour. 

Take, again, the case of the s.s. " Elingamite," which was wrecked on the outer 
rock of the Three Kings in November, 1902 — a disaster which caused the loss oi many 

7— Az. 
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lives. So far as we are able to gather from the evidence given at the inquiry, the 
weather was fine on the evening before the disaster, and in all probability the position 
of the ship might have been very accurately determined at about 7 p.m., when the ship 
vras about 90 miles in advance of the noon position. Such an observation would most 
likely have shown which way the current was setting, and many lives would have been 
:8a ved. 

Now, no Court of Inquiry (certainly in New Zealand) ever even asks the question as 
to whether a position by stellar observations has been obtained before dark, and yet 
there is certainly no other time in the whole twenty-four hours when the position of the 
ship can be so accurately and certainly determined as either shortly after sunset or 
shortly before sunrise. The writer has made a regular practice of taking these 
observations for several years of his sea life, and knows well from experience that 
no other observations are to be compared with them. The noon position is at best 
only an approximation, and should never be relied on too implicitly, for though half a 
dozen men may take the meridian altitude and get the same result they may all be 
several miles in error, owing to some unusual excessive refraction near the horizon. 
The very agreement of so many observers would only give a false confidence, which is 
the more dangerous as there is no opportunity with the sun observation (except when 
near land) of checking it, and thereby determining the error. Then, again, the so-called 
noon longitude generally depends on an observation taken at about 8 or 9 a.m.. 
and the calculation of the time from this observation is often made with an erroneous 
latitude, thereby giving a wrong result ; and currents, or bad steering, (fee, may again 
combine to still further throw the position out. With the position, however, obtained 
by simultaneous observations of two or three stars, errors resulting from uncertainty of 
refraction, &c., may be eliminated. The horizon shortly after sunset is generally very 
clearly defined, without any glare, and the latitude and longitude are obtained at the 
same instant of time. 

With regard to the above remark about absence of questions in Courts of Inquiry 
re position by stellar observations, we do not wish to imply that they are in fault for 
neglecting to ask such questions. We consider that they are justified in this, as the 
problem is not given in the Board of Trade examination for the certificate of master of 
a foreign-going vessel, and therefore it would be unfair to bring in even a censure on 
the master for neglect of taking precautions about which the authorities do not compel 
him to know anything. It was only in 1898 that this problem was first given in the 
voluntary examination for extra master, and the memory of the lengthy way in which 
it is required to be worked in the examination-room will be quite enough to deter most 
men from making anything like a daily practice of such an observation after their 
examination is over. This method makes an interesting problem in the solving of 
several spherical triangles to obtain one final result, but few men, even when they have 
the taste for it, can afford the time in these days of rush for such lengthy calculations. 
To obtain confidence in the result of observations for any problem the navigator 
must make more than an occasional trial of it. To encourage more frequent observa- 
tions of this very important problem we would suggest that it be given in the mates' 
and masters' examinations, and that short and accurate methods such as have been 
advocated in these pages be allowed. Navigators soon become acquainted with any . 
problem which is given in the Board of Trade examinations. 

It may not be amiss here to remind navigators that when the moon is up in the 
daytime observations of moon and sun will also give both latitude and longitude 
at the same instant of time. Reference to example on p. 88, shows that the moon 
may often be observed on the prime vertical when, in the winter months, the sun 
never comes near to it. When the sun has a high south declination, the moon, 
when near the full, will have a high north declination, and vice versa y so that in the 
winter months it is especially good when in this quarter for longitude, and during the 
summer months for latitude. This observation, however, is even less frequently taken 
than that of simultaneous observations of two stars, as this problem is not given even 
in the extra masters' examination ; it also entails more work in the calculation, and the 
upper limb has often to be taken, which without practice is liable to be confusing. 
The planet Venus, too, may sometimes be utilised in the daytime. The writer has 
occasionally obtained the latitude from an observation of Venus when on or near the 
meridian, at about 9 a.m., or 3 p.m., when the usual sights were taken for longitude. 
Captain W. P. Dawson, R.N., of H.M. surveying-ship " Penguin," has informed him 
that he has sometimes observed Jupiter, Sirius, and Canopus during the daytime. 
This must require good eyesight and a very clear atmosphere. The approximate 
altitude of the planet should, of course, be calculated, and the sextant set to it ; then, if 
the observer looks at the horizon in the direction of the meridian through a good 
, telescope, he may see a little -white speck near the horizon, which will be the reflected 
star. A pelorus set to the true nor^h or south will be found helpful in directing to the 
spot where it should be seen. 
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EXAMPLE OF FINDING THE ERROR OF CHRONOMETER BY OBSER- 
VATIONS IN ARTIFICIAL HORIZON, 

Showing the Use of Table D in working out several Observations separately. 

1898. — On i6th April, at about 7 h. 10 m. a.m., M.T. at place. Suppose the 
following observations to have been taken at Observation Spot, Suez Dock. Index 
error of sextant — o' 34". Lat. 29° 56' 3" N., long. 32° 33' 12" E. = 2h. lom. i2-8s. 

Alt. diflF. 



H. M. S. 

Approx. times at Green, by chron. 16 59 33 

16 59 57*5 

17 o 23 
17 o 47 
17 I II 
17 I 35-5 
17 2 o 

Required the error of chronometer 



Obsd. alt. O (I) 39 38 40 

— (2) 39 49 20 

(3) 40 o 20 

(4) 40 10 50 

(5) 40 21 10 

(6) 40 31 40 
• 7) 40 43 20 



10 40 

11 o 
10 30 
10 20 

10 30 

11 40 



M. T. G. 



D. H. M. S. 

5 17 o 47 
24 o o 



Q's Dl. 10 13 50N 
53"i X 7h. 6 12S 



Eq. T. 
0*6 s. X 7h. 



M. s. 
o 16*65 
- 4'2 



No. 4,— Middle Sight 



From noon 6th 7h. 



20 18 35 
29 56 3 
79 52 22 




Sec 0*062182 
Cosec 0*006820 



Cor. E. T. o 12-45 



Table D. 



Ah.0 

i.eT 



40 10 50 
- o 34 





Sp. 

r: 

G. 

.(4 

.fas 


130 


7 


s 

S - A 
H.A. 


65 3 30 
44 44 55 

H. M. S. 

4 49 12*3 


A. T. 
Eq. T 


19 10 


477 

12*4 


M.T. 
Long. 


19 10 
- 2 10 


IPs 


M.T. 
Chron 

Chron 


17 92*5 

17 47*o 
it 245 



L. 30^, Az. 90°, gives 462 s. to i' alt. -i- 2 

= 2*31 s., because altitude is doubled S. D, 
in artificial horizon. 



Cos 
Sin 



9624999 
9*847572 



2 


)40 


10 


16 


App. lat. 
Ret. & par. 


20 


5 

2 


8 
30 


S. D. 


20 

+ 


238 
15 57 


T. alt. -e- 


20 


18 


35 



SinS 9'54i573 



•00 gives Az. 90° 



H. M. S. 

M.T.G.(No.4) 17 022-5 
2*31 s. X lo^' - 24-2 



M. T. G. (N0.3) 165958*3 
Chron. 17 o 23-0 



Chron. fast 



o 24-7 



H. M. S. 

M.T.G. (N0.2) 16 59 32-9 
2-31 s. X 108' - 24-6 



M.T. G. (No. I) 16 59 8-3 
Chron. 16 59 33*0 



Chron. fast 



H. M. s. 
M.T.G. (No. 4) 17 o 225 
2*31 s. X loj' + 23*9 



M.T.G. (No. 5) 
Chron. 



o 24-7 



Chron. fast 



17 o 46-4 
17 1 ii-o 

o 24-6 



M.T. G. (No. 3) 

2*31 S. X II' 

M. T. G. (No. 2) 
Chron. 

Chron. fast 



M. T. G. (No. 5) 
2-31 S. X loj' 

M. T. G. (No. 6) 
Chron. 

Chron. fast 



H. M. s. 

16 59 583 
- 25*4 



16 
16 


59 32*9 
59 57'5 

24*6 


H. 

17 


M. s. 
046*4 

+ 24*2 


17 
17 


I 10*6 
I 35-5 


249 



M.T. G. (No. 6)17 I 10*6 
2*318. X ii§' + 27 

M.T.G. (No. 7) 17 I 37-6 
Chron. 17 2 o*o 



Chron. fast 



O 22*4 



It is evident that the last observation was in error, probably 
owing to the altitude having been either read off or put down 
incorrectly. It is therefore rejected, and a mean taken of the 
other six. 

Results. 

Chron. fast s. 



24*7 
246 
247 
24*6 
24*9 

Mean 24*66 



Observations with artificial horizon are not so much needed as they were twenty 
or thirty years ago, as of late years time signals giving G.M.T. have been esta- 
blished at most places of importance. Still, it is well to be independent of such aids. 
In the first place, they are not always reliable, and, secondly, in these days of steam 
and rush a vessel sometimes arrives at and leaves a port again, as at Port Said, 
before the time when the signal is p;iven ; and there are still many places where such 
aids are not to be found. The writer, when second officer, used sometimes to check 

the chronometer by observations of stars in the Quicksilver, in his middle watch at 

night, when tied up in the Suez Canal or at anchor in the Bitter Lakes. Results 

were very satisfactory, as proved by observations east and west of the meridian, which did not generally 

differ more than i s. n-om one another. 

He never found it possible to get siich observations of the sun on board ship, as in the daytime so many 
people are moving about ; but in a large ship at anchor in- smooth water observations in the Quicksilver can 
often be taken at night, when all on board except the observer and time-taker are in bed, ana everything is 
quiet. 
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REMARKS ON THE VALUE OF EQUAL ALTITUDES BY SEA. 

We would draw attention here to the valae of the short equal-altitade problem, as 
this method of obtaining the longitude, though very simple and useful, is seldom 
noticed by nautical writers. The problem is more especially useful in the case of stars, 
owing to there being no appreciable change in a star's declination, and because suitable 
ones can generally be found in any latitude. Even on dark nights a very fair longitude 
can generally be obtained, errors of altitude eliminating one another in a similar way as 
when stars are observed for latitude north and south of the meridian. An equally good 
result is obtained if both altitudes are observed the same amount too great, or too small, 
as if they had both been correct, and the problem is .so simple that it takes very little 
longer than to get the latitude by meridian altitude — we mean, of course, when within 
the limits where correction for change of latitude and declination are not necessary. 

The writer has often taken these equal altitudes about the same time as other 
observations have been taken^ sometimes before daylight with an indifferent horizon, 
and at others with a good horizon a little before sunrise or after sunset — and they have 
nearly always agreed splendidly with the star-position longitude obtained by double 
altitude. 

The navigator should not, however, use this method beyond its proper limits, and 
when the sun is observed it will seldom be useful except in the tropics, and then 
principally when running nearly due east or west, as on passages from Penang to 
Ceylon and Aden. When running due east or west no correction of altitude or time is 
required for ship's change of position, as she would change her longitude only by the 
portion of time which she gains or loses on the sun in the interval. Also, when the 
body observed bears east or west, no correction is required for several miles' change of 
latitude to the north or south ; therefore it follows that when the observed body is 
near the prime vertical, and the change of latitude is small, it is not practically 
necessary to make any corrections for change of ship's position. Table 29 in Raper 
gives the hour-angle and altitude of a body on the prime vertical; and most other 

3dtomes also have a table at any rate for giving the hour-angle of same, which is 
ways useful for showing the best time to observe for longitude. 

(i.) The Computation (Raper, p. 801). 
Take the mean of a.m. and p.m. times by chronometer : this, when the ship does 
not change her latitude, is the time by chronometer of apparent noon ; when the 
latitude changes, this time is the time of approximate noon. Apply chronometer error 
and equation of time (p. II., N.A.), which will then show the A.T.G.; the difference 
between that and the apparent noon at ship being the longitude in time. 

(2.) Correction for Change of Latitude. 

With half the interval as an hour-angle, compute the azimuth. To the log. sine of 
half the D. lat. made good, add the log. sec. of the lat. and the log. cotan. of the 
azimuth ; the sum, rejecting tens, is the log. sine of the correction in time. 

When the ship has approached the sun or star in the interval, subtract this time 
from the above mean ; when she has receded from the sun, add it. The result is the 
time by chronometer at apparent noon. 

Note.— When the observed body is within 10° or so of meridian, the D. lat. made 
good in the interval may be added or subtracted from the altitude according as the 
ship has approached or receded from the sun, instead of going through the longer but 
more accurate computation. 

Longitude by Equal Altitudes of the Sun. 
Example i. — Skip steering nearly East or West. 
In lat. by D.R. 6® N. and O's decl. 5° N. Equal altitudes of the sun were taken 
when chronometer times, a.m. and p.m., showed respectively 18 h. 10 m. 36s. and 
18 h. 42 m. 52 s. Chronometer fast on G.M.T. 10 m. 6s. Required the longitude 



Chron. time a.m. 
Chron. time p.m 


H. M. s. 

18 10 36 
18 %2 52 




2 ) 36 53 28 


Middle time by chron. 
Chron. fast 


18 2644 
- 10 6 


M. T. G. of Sp. A. noon 
Eq.T. 


18 16 38 
- 3 34 


A. T. G. of Sp. A. noon 
A. T. Sp. 


18 13 4 
24 


Lonfi[. in. time 


54656 


Longitude 


86°44'orE 
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Example 2. — Where Ship has changed her Latitude between Sights. 
Using the preceding example, with course made good N. 73® E. 7 m. « D. lat. 2'. 

Halfintl. asH.A. 016' 8 , Half D. lat. I'-o Sin 6464 

Lat. 6° N Table A 1-50 S Lat. 6^ Sec o'oo2 

Decl. 5° N , B 1-25 N Az. 76° Cot 9-397 

Az. S 76* C -25 S 15" — I s. to add. Sin 5*863 

■"■"" ""■"" H. M. s. 

Middle time of observations by chron. 18 26 44 
Correction for change of latitude + z 



18 26 45 



Here the sun is to the southward and the course is to the northward, or the ship 
has receded from the sun. 

As the change in G's decl. never exceeds i' in an hour, the correction for this may 
be disregarded when observations are taken within a few minutes of noon. 

Example -^.—Longitude by Equal Altitudes of a Star near the Meridian. 

* 1898. — On 6th September, at about 5h. 26m. and 5h. 36m. a.m., A.T. at ship, in 
lat. byD.R. 9° 30' N., long. 63° E. Observed equal altitudes of |* Aldebaran to the 
northward at 13 h. 49 m. 5 s. and 13 h. 59 m. 5 s. by chronometer which was fast of 
G.M.T. 37m. 36s. Run in interval between observations, S. 75° E. 2 m. = D. lat. o''5. 



ist chron. time 
and chron. time 


H. M. s. 

13 49 5 
13 59 5 




2 ) 27 48 10 


Chron. time of transit 
Chron. error 


13 54 5 
- 37 36 


M. T. G. of transit 
Sid. T. (G. noon), 5th 
Accl. for 13 h. 16^ m. 


13 16 29 
10 58 27-2 
+ 2 10-8 


Sid. T. at Green. 

Sid. T. at Sp. (^f 's R.A.) 


T^r 


Long, in time 


4 13 I- 



In this example, as the star was only 10° from the meridian, and the ship had receded 
from the star, o' 30" less altitude was set to the sextant for the second observation. 

There is no more work here than with the sun, as there is no equation of time to 
apply, and it is even easier to correct the sidereal time than the equation of time. 

The writer's usual morning double altitude was taken 3 m. before this first sight, by 
Saturn and Sirius, both east of meridian, the resultant giving longitude, when brought 
up to the same time, within i' of the equal-altitude longitude. He has taken several 
with equally good results, though in this case it was probably accidental that so near 
an agreement with the other observations was obtained, as better results might have 
been expected with a longer interval of time, when the star would have been nearer 
the prime vertical ; daylight, however, prevented this. 

It is best to choose stars with declination nearly the same as latitude, or else of the 
same name and the declination less than the latitude. If the declination is greater than 
the latitude, as in the last example, it does not come to the prime vertical at all ; neither 
•does it if the declination and latitude are of contrary names. With latitude and de- 
clination of same name, when the numbers corresponding to the hour-angles in Tables A 
and B nearly agree is always a good time. For instance, in latitude 46° N., at hour- 
angle oh. 20 m., with ^ Capella, the numbers in Tables A and B exactly agree, both 
being 11' -8; Capella, therefore, with that latitude and hour-angle would be exactly on 
the prime vertical. 

The following example (on p. 98) will show how a star may sometimes be 
observed almost on the prime vertical to within 2 or 3 minutes of its meridian passage, 
or at any time within 2 or 3 hours of its transit. 

* The actual observations for this and the following example were taken in 1885, but for the sake of 
tmiformity are here worked for the year 1898. 
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Example ^.—Longitude by Equal Altitudes of a Star nearly East or West, 

1898.— Colombo towards Aden. On 13th October, at 6h. 24 m. and 6h. 34 m. p.m. 
(ship time). Observed equal altitudes of * Altair at 2h. 16 m. 55 s. and 2h. 28 m. 24s. 
by a chronometer which was fast of G.M.T. 39m. 4 s. Star's azimuth at ist obsn.,^ 
S. 80° E. Lat. by meridian altitude, 8° 46' N. Run in interval, N. 80° W., distance 
2^ m. 

H. M. s. 
ist chron. time 
2nd chron. time 



Chron. time of transit 
Chron. error 

M.T.G. of transit 
Sid. T. (G. noon) 
Accl. for ih. 43im. 

Sid. T. at Green. 

Sid. T. at Sp. (9f's R.A.) 

Long, in time 

Equal altitudes of this star were taken in the twilight for three or four evenings 
running. A few miles change of ship's position N. or S. in this case would not have 
affected the longitude i'. 



2 16 

2 28 


55 
24 


2)4 45 


19 


2 22 
- 39 


395 

4 


13 28 16-3 
+ 17 


15 12 sa 

19 45 51-6 


4 33 42-8 



REMARKS ON EX-MERIDIAN AND MERir5lAN ALTITUDES. 

Although we have at the present day quite a number of special very useful ex- 
meridian tables, apart from the standard navigational epitomes, we would here remind 
those who use Raper that there are tables in that epitome which make very short work 
of this problem when within the ordinary ex-meridian limits and the limits of the sun's 
declination. When within the tropics these tables may also be used for stars of any 
declination up to 62° N. or S., by using the declination as latitude, and vice versa. The 
following examples will illustrate this. 

Example i. — In lat. by D.R. io° N., T. alt. of ^f a Crucis 16° 10', hour-angle of 
star I h. 10 m. Required the reduction to meridian. 

H.A. ih. 10 m. 

Lat. 10° N. ) decl. 62° 35' S. i Table 73 Log 9-978 
as decl. j as lat. ) i h. 10 m. Sin^ 8*364 

Reduction 1° 15' 34" . . . Sine 8*342 

Example 2. — In lat. by D.R. 23° 30' S., T. alt. of * a Crucis 50° 53', hour-angle 
oh. 10 m. Required the reduction to meridian. 

H.A. oh. 10 m. 

Lat. 23° 30' S. 1 decl. 62° 35' S. J Table 70 Log. 0-127 
as decl. I as lat. I oh. lom. Sin^ 6-678 

Reduction 2' 12" .... Sine 6-805 

A rigorous method would have made only about 10" difference in the first example,, 
and no difference in the second. Raper warns that when the number of minutes of arc 
in the reduction exceeds the number of minutes of time from the meridian it is proper to 
refer to Table 48 of that work to ascertain if it is necessary to employ the second 
reduction. It should be remembered, however, that even when the second reduction is 
employed, if the body has a large bearing from the meridian, the results may be con- 
siderably in error. 

Brent, Walter, and Williams's ex-meridian altitude tables comprise declinations 
between 0° and 70°, and any latitude up to 60°, when within ordinary ex-meridian 
limits. For this reason these tables are specially valuable, as high-declination stars 
are of most service for ex-meridians. The limits of hour-angle are, however, somewhat 
confined in these tables. The first example, illustrating the use of Raper's table, 
would be outside the limits of the above-mentioned work. High-declination stars are 
also preferable for observations of the meridian altitude, as a few minutes will then 
generally elapse without any appreciable change of altitude both before and after 
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meridian passage ; and it is a good plan to take several observations— say, 5m. before 
to 3 m. after meridian passage— unclam ping the index each time, and to take the mean 
of these observations for meridian altitude. This plan is far preferable with stellar 
observations for latitude (except when altitude is very high) to that which is so often 
adopted of watching for the star beginning to fall. 

It is necessary to caution against this prevailing plan (in these days of rapid steam 
navigation) even with the sun, as by so doing the observation is sometimes taken lom. 
or more after noon, and at others a few minutes before noon. This was brought pro- 
minently to the writer's notice many years ago, when second officer of a new mail- 
steamer. He made it a practice always to correct his watch and the ship clock before 
noon by comparison with chronometer and longitude applied. On one occasion 
when proceeding due south off Cape Finisterre, in a winter month, the captain and a 
couple of officers were observing for the meridian altitude. The writer reported that it 
was noon when his watch came round to the hour, but the captain said he did not make 
it so, and the sun was still rising ; we all therefore remained aft by compulsion until 
the captain made the sun to dip, at about 10 m. after noon, and the writer was wrongly 
and thoughtlessly blamed for the clock being in error. In this particular case the ship 
was steaming directly towards the sua at about 14 knots an hour, and by this change of 
position, had the sun been stationary, the altitude would have increased 14" in i m. 
01 time, or 70" in 5 m. of time, and had the ship been stationary the sun would have 
only dipped o' 36" in that time ; therefore the altitude would have increased to observer 
o' 34". This would be about the time when the maximum altitude would be reached, 
but the knowledge of this is not of much practical value, and no observer at sea could 
detect it with the sextant, as there would barely be i" change in altitude between 4 m. 
and 6 m. after noon, and only 5" between the noon altitude and 10 m. after. But at 
10 m. after noon the altitude would have been about 40" less than at 5 m. after noon, 
and, consequently, if the sea were moders^tely smooth the observer would probably 
detect that the sun was dipping. The sun's change of declination in 10 m. would only 
amount to 2", and is not therefore taken into account. 

If the clock had then been put back, and bearings of the land had been obtained, 
the supposed meridian altitude would have given a latitude 2' 4 N. of that 
by bearings ; or if the time had been taken by chronometer, and the observation 
worked out as an ex-meridian, it would be found that a correction of 2' '4 was 
required to be added to the altitude. Should the observation be taken of a 
high-declination star, such as a Crucis, anywhere in the tropics, either north or 
south of the Equator, the natural fall of altitude in 10 m. would be less than 2^' 
if latitude and declination were of same name, and barely i^' with latitude and 
declination of contrary name. When the meridian altitude of the moon is observed 
for latitude the moon's change of declination must also be remembered, which is 
very rapid when near the Equator — occasionally over 17' an hour. Lecky, on p. 371 
of " Wrinkles " (ninth edition), states that the hourly change of the moon's declination 
when crossing the Equator is 18' ; if the change is ever as great as this it must be only 
on very rare occasions. The greatest change that has come under the writer's notice 
was in August 31st, 1894, when it amounted to 17' -3 change in the hour. Taking three 
years at random-, and going carefully through the Nautical Almanac, the writer could 
find no hourly change greater than 15J', and the average hourly change when the moon 
was crossing the Equator was under 12^' in the three years. 

Mr. C. Westland has drawn the writer's attention to a method of finding the hour- 
angle of maximum altitude by the help of the A & B Tables, as follows : — 

Assume reduction at i m. from meridian = - — ;; — - ^ t«ui xt " \ ^^ 

[2 A ± B] Table No. 2.) 

Then H.A. of maximum altitude is given in minutes of time by — '- : and since 

15' 
I m. of time is equal to 15' of arc it follows that the numerator of this fraction is the 
required H.A. expressed in arc. 

Rule. - Express the difference in motion of lat. ± decl. (that is K) in minutes of arc 
per minutes of time, and multiply it by A ± B for i m. To reduce to time subtract 
one third and move decimal point one place to left. 

Example. — Using data above, and disregarding change of decl. (as it only amounts 
to o"'2 in I m. of time), K = 14" = o'-233. 

O I 

Lat. 43 N A 2137 S 
Decl. 23 S B 973 S 

C 3ii'o X K 0*233 «= 7246 = 4*83 m. = 4 m. 50s. Required H.A. of maximum altitude. 
^= Subt. I 24" 1 5 

4 8-3t 

This method is considerably shorter and easier to remember than the methods 
usually given in navigational books. 
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A FEW NAVIGATIONAL NOTES AND CAUTIONS. 



EXCEPTIONAL EXCESSIVE REFRACTION NEAR THE HORIZON.* 

It has often been pointed out in text-books of navigation and elsewhere that alti- 
tudes observed at sea are subject to error when peculiar atmospheric conditions operate 
to produce an extraordinary deflection of the ray of light from the horizon, and thus to 
make the actual angle of dip vary from its tabulated value. It is believed that attention 
can not be too frequently directed to this important subject, for the reason that there are 
undoubtedly many navigators who do not realise the magnitude of the error that may 
be involved : some have the impression that this error is such as to throw the results 
out by no more than a mile or so. and hence may be neglected for all practical purposes ; 
others, while knowing that in the Red Sea and other special localities the error is to be 
guarded against, do not consider that it need ordinarily be feared by the navigator. It 
can be demonstrated that this error may attain a value so great as to jeopardize a vessel, 
even if a very large margin be allowed for inaccuracy of the sights, and that the condi- 
tions under which it is produced are such that it may occur in any region of the ocean. 

It has been seen that the conditions necessary to produce extraordinary deflections 
of the rays require that the atmosphere shall arrange itself in a series of horizontal 
strata of uniformly varying density. It follows, therefore, that the mere diflference in 
temperature between air and water is not sufficient in itself to produce the error, and 
that any cause that interferes with the formation of strata will prevent the occurrence 
of the deflection. As wind, by keeping the air in motion, renders the conditions un- 
favourable for the existence of layers of unequal density, it follows that a light breeze will, 
in general, greatly reduce the error, and that a strong one will eflfectually prevent it. 
Hence it is that the maximum bending of rays is to be expected in calm weather. It 
seems probable that the stratification is more likely to be disturbed when the air is 
colder than the sea than in the opposite condition, since the heavier particles are then 
above the lighter, and the atmosphere is in a state of unstable equilibrium that may be 
easily disturbed. 

Both theory and experience show that the higher the eye of the observer is placed 
above sea-level the smaller are the deflections from the causes under consideration. 
It is therefore well, especially when there is reason to suspect the conditions that pro- 
. duce abnormal deflections, to observe altitudes from the highest available position. 

One of the most dangerous features of this error is that there is no satisfactory 
method of arriving at a correct estimate of its amount. If the conditions with which 
it is necessary to deal were fixed in their nature, such, for example, as the mean atmo- 
spheric conditions for which the ordinary dip- table is computed, it would be a simple 
matter to arrive, *^ither by theory or experiment, at the amount of the deflection. But 
the elements of the problem can not, in their nature, be known. For instance, the 
conditions of temperature and wind at a distance of several miles from the observer, 
which can not be determined at the ship, have an important bearing on the solution ; 
so also with the amount of moisture in the air, which is doubtless a material factor. 
The navigator may, however, recognise the existence of the disturbing conditions and 
the probable direction in which the disturbance will affect the results of his observa- 
tions, and with this knowledge he must make ample allowance for possible errors. 

From a very large number of recorded instances of abnormal deflections of the 
rays of light from the horizon, due to inequality of temperature between sea and air, a 
few will be chosen to illustrate the possible magnitude of this error. 

It is related that on one of Captain Cook's voyages the meridian altitude of the sun 
was being taken when a light snow-squall came on. The horizon and sun remaining 
visible, the altitude shown by the sextant had almost instantly to be altered 32' to 
maintain contact, the horizon having appeared to fall by that amount when the air sur- 
rounding the observers was cooled by the snow-squall. At the same time a distant 
mountain-peak, which before had stood well above the horizon, almost disappeared 
from view. Both of these effects vanished with the passing of the squall, the measured 
altitude resuming its former value and the peak rising again above the horizon. Even 
if we are inclined to doubt the instruments of those times, and therefore the exactness 
of the observed difference, this account is of interest in showing at how early a day the 
presence of this error was recognised in navigation. 

According to Raper, Mr. Fisher observed in the Arctic regions a variation of 18' 
in the place of the horizon. 

* Extract from a publication issued by the Bureau of Equipment, Department of the Navy. Washington. 
D.C. ; by Lieutenant G. W. Logan, U.S. Navy. 
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The late Captain Lecky, in his •• Wrinkles," states that on a clear day in mid- 
-winter, off the coast of Long Island, five observers at noon closely agreed upon an 
altitude which gave a certain latitude ; in less than two hours afterwards the land was 
-sighted, and the latitude brought forward from the meridian altitude was found to be 
14' in error. 

Lieutenant Koss and Ensign Thun-Hohenstein, of the Austrian Navy, while con- 
-ducting observations near Pola for finding the variation in the dip of the horizon, 
observed on a quiet day a rise of the apparent horizon above its computed position of 
8' 47" at a height of 50 ft., and of 9' 23" at a height of 33 ft. above water. 

Of the numerous instances th^t might be cited of extraordinary errors in the results 
given by astronomical sights in the Red Sea (so extraordinary as to have given rise to 
an erroneous belief as to the currents existing in that body of water), it may be men- 
tioned briefly that Lieutenant Marshall, U.S. Navy, of the U.S.S. "Detroit," found 
•errors of position from 12' to 18' arising from sights of the sun ; Captain Nedden, of 
the s.s. *• Madeline," found the latitude by observation to differ 10 miles from the cor- 
rect one, and images of islands to be greatly distorted ; and Captain Lecky discovered 
the positions of certain islands to be apparently 7 to 8 miles in error in one direction 
from morning sights, and a similar amount in error in the opposite direction from 
afternoon sights. 

A similar instance of error in the region of the Gulf Stream was reported by Lieu- 
tenant-Commander W. L. Rodgers, U.S. Navy, of the U.S.S. '* Lancaster," two lines 
of position from the sun intersecting at about 7 miles to the south-east of the ship's true 
position, and two from stars intersecting at a like distance in the opposite direction, the 
<lirection of the error in each case according with that which was to be expected from 
the observed differences in temperature of air and water. 

As a result of what has been set forth, the following brief summary may be given 
for the guidance of navigators : — 

{a.) The inaccuracy of tables showing the dip and the visibility of objects should 
always be suspected when there is a marked difference between the temperature of the 
air and that of the sea-water. » 

(b.) The errors will be largest in calm weather and when the eye is not far elevated 
-above the sea, and will decrease as the wind increases and the eye is raised. 

{c.) When the air is warmer than the water, the visible horizon is raised above its 
normal position ; the altitude corrected by the ordinary dip-table will be too small, and 
the resulting Sumner line will be farther from the observed body than the true line. 
An object will be sighted from a greater distance than usual. 

(d.) When the water is warmer than the air, the visible horizon is lowered below 
its normal position ; the altitude corrected by the ordinary dip-table will be too large, 
and the resulting Sumner line will be nearer the observed body than the true line. An 
object will be sighted from a less distance than usual. 

EFFECT OF ALTITUDE ERRORS. 
With a.m. sights too great an altitude will place a ship to eastward of true posi- 
tion, and vice versd with p.m. sights and too small an altitude. The amount of error in 
longitude or time due to i' error of altitude is shown in Table D. 

OBSERVATIONS IN ARTIFICIAL HORIZON. 
In correcting the altitude taken in artificial horizon, first apply index error, thee 
lialve the altitude, after which apply the other corrections — viz., refraction, parallax, 
and semidiameter. 

When the lower limb is taken with a.m. sights the suns appear to be separating, 
and when the upper limb is taken the suns appear to be closing in on one another. 
Vice versd with p.m. sights. 

NUMBER OF FIGURES TO USE WITH LOGARITHMS. 

Using more than four figures of logarithms in working any of the sailings is gene- 
rally a waste of figures ; as also in working an altitude or time azimuth or the time when 
hour-angle is less than 2 hours. 

In Bowditch's •• American Practical Navigator " not more than five figures are 
given in any of the tables, and the work is thereby much facilitated. 

CORRECTIONS OF SUNS DECLINATION AND EQUATION OF TIME. 
For ordinary sea practice it is generally useless precision when correcting the sun's 
declination to take out the hourly variation to decimals of a second ; also, one place of 
decimal is amply sufficient when correcting the equation of time. 
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CORRECTION OF A PLANETS R.A. AND DECL. 

The R.A. and decl. of a planet may often be quickly corrected by the aid of the 
traverse table used as a proportional table. The following example will illustrate this : — 

1898. — 30th August : M. T. G. 9 h. 36 m. Required the corrections for R.A. and decl. 
Daily change of R.A. was 2363 s., and of decl. 28' -8. 

To find correction for R.A. due to 9 6h. from noon : Add a cipher to 24 h., then 
with 240 in dist. column look out the nearest number abreast it in either the dep. or 
d. lat. column. This will be found at 10° in d. lat. column— viz., 2364. Having added 
a cipher to 24 h. the decimal point in 9-6 h. must be removed one figure to the right ; 
then look out the number in d. lat. column against 96 in dist. column and the correction 
94-5 s. will be found. 

To find correction for decl. due to 9-6 h. from noon : 28' 8 is the change in 24h. 
At 33^ in the traverse table we find 239 9 in d. lat. column against 286 in dist. column, 
and again 96-4 in d. lat. against 115 in dist. .*. ii's will be the correction (nearly). 

NOTES ON MERCATOR AND MIDDLE-LATITUDE SAILINGS. 

Mercator's sailing should be used generally when the course is between 1° and 70°, 
especially with long distances and in high latitudes. With a large course, and using 
either Raper or Norie. the distance may sometimes be considerably in error owing to 
the meridional parts not being given to decimals. The following examples will illus- 
trate this : — 

Find the true course and distance from lat. 5° 28' N., long. 85° 30' E., to 
lat. 5° 34' N., long. 91° o' E. 

By Mercator's Sailing (Raper's Tables). 



at. 5 28 N 
at." 5 39 N 

Uat. II N 


Met. pts. 
Met. pts. 

M. d. lat. 


328 
340 

12 


Long. 85 30 E 
Long. 91 oE 

530E 
60 














D. long. 330' 
M.d.lat. 12' 


Log 
Log 


12-5185 
1-0792 


D. lat. Log i'04i4 






Course N. 87° 55' E. 


Tan 


1 1 '4393 


Sec 1-4396 














Log 2-4810 














Distance 302-7 miles 



By Inman's Tables. 

5 28 N Mer. pts. 328-50 D. ?oni;. 330' Log 12-5185 

5 39 N Met. pts. 339*55 M. , lat. ii'o5 Log 1*0434 D. lat. 11' Log 1-0414 



D. at. II N M.d.lat. 11-05 Course N. 88° 5' Tan 11-4751 SecofCo. 1-4753 



Distance 328-6 miles Log 2*5167 

Raper 302-7 ^a^^^^ 



Difference 259 miles 
By Middle-latitude Sailing. 



Lat. 5 28 N D. long. 330' Log 25185 

Lat. 5 39 N Mid. lat. 5° 33^* Cos 9*9980 



Course 88° 5' Sec 1-4753 



Mid. L. 533i Dep. 3285 Log 12-5165 D. lat. 11' Log 1-0414 

==^ D. lat. 11' Log 1-0414 



Course 88° 5' Tan 11-4751 



Dist. 328-6 miles Log 2-5167 



To take out the distance accurately for a large course, as between 85° and 90°, the 
log, of secant should be taken out to seconds ; this may be practically done by bearing^ 
in mind that the secant and tangent difference here are almost the same. Thus in the 
last example the difference between the sec. and tan. in the fourth figure is about 2 ; 
then add 2 to the log. tan. of course. 

When the course is large the distance is very readily found from the traverse table 
by a comparison of the dep. with the dist. column. For instance, with an 88° course, 
distance 329 is 0*2 greater than the departure; with an 87° course, distance 329 is 05 
greater than the departure. In the same way, when the course is within 3° or 4° of the 
meridian, the distance will be nearly the same, but a trifle greater than the d. lat. 
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SIMPLE METHODS OF FINDING THE SHIP'S DISTANCE FROM A 
POINT BY TWO BEARINGS AND THE RUN IN INTERVAL 
BETWEEN THEM. 

As so many strandings have occurred on the New Zealand coast owing to the 
neglect to take or make use of bearings, it has been thought advisable to give the 
following simple methods for approximately determining the ship's distance from a single 
point or light when cross-bearings are not obtainable. The methods here given have 
the advantage of being determined quickly, with a minimum of calculation, without 
leaving the deck or having to plot the bearings on a chart. Figure 2 and Table H were 
first published in the writer's first edition of " A and B Tables," &c., and their value 
has since been further impressed on navigators by Captain Lecky in the latest edition of 
his famous " Wrinkles." The writer has also been pleased to notice that some of the 
local steamers now have a brass plate on the bridge marked somewhat after the style of 
Figure 2. 

Problem i.—To find the Distance from a Point by Two Bearings, the First One being 
Four Points on the Bow, and the Second One abeam. 

This well-known 4-point bearing is the simplest of all the methods, and is that 
most usually employed in determining the distance off a light or prominent point. It 
is the simple exemplification of the rule that whenever the angle between the course and the 
object is doubled the distance run in the interval is the distance off at second bearing. 

In this case, therefore, the distance made good on the same course in the interval 
between the two bearings will be the distance off the point when abeam. 

Figure i will illustrate this. 




.KouCparayZ- 



Example 1. — Ship steering S.E. (mag.), Kaipara light is observed bearing East; 
she runs on same course for 67 miles, when the light is abeam, bearing N.E. Required 
distance ofi". — Answer: 67 miles. 

As this course would probably have landed the ship on the North Spit, the 
advantage of determining the ship's position at an earlier stage will be apparent. The 
following example and same figure will illustrate how this may be done. 

Problem 2. — The Angle on Bow doubled to find the Distance off at Time of Second 

Bearing. 

This is practically the same as previous problem, but is now given to impress that 
2, 2 J, or 3 points, &c., might be used as well as the 4-point bearing. 

Example 2.— A ship steering S.E. observes Kaipara light bearing E.S.E. After 
running on the same course for 9J miles it bears east. Required the distance 0^ at 
time of second bearing. 
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First bearing was 2 points on the bow. and second bearing 4 points (double the first 
bearing) ; therefore the distance off would be equal to distance run, gi miles. Opening 
the traverse table at 45°, and distance 9-5 miles in the distance column gives 67 miles 
as the distance that the ship should pass off the light if she made good the same course ; 
hence the need to haul out to clear shoals. 

The advantage of knowing the distance that a ship will pass off a point on a given 
course, in good time before coming up to it, struck the writer many years ago when he 
was quite a junior officer, and he then made out the figure given below, which has 
often been used since. 

The distance run in the interval between any two of the following bearings will 
give the distance that the ship will pass off the object if the same course is continued 
and mad€ good. 

Problem 3. — To find the Distance a Ship will pass off an Object when abeam by the 
Distance run in Interval between certain Bearings as given below. 



Fig. 2. 





<^^^^ 


^^^ 


r^^ 


jjfc^^^ 


1 + 


u^^^. 




^ 


f 




s 


\ -'^ 



2h4 20 /6 H'8 IIS /O 6-0 SO 



5-0 



/Or 



Between 22° and 34° 



25- 


» 


41' 


26i° 


„ 


45" 


32" 


„ 


59' 


37" 


„ 


72' 


45" 


„ 


90^ 


45" 


w 


63i 



The distance run will be 
the distance the ship will 
pass off 



63j° the distance run will be half 
the distance the ship will pass off. 



The numbers under base of figure represent the length of the base of the right- 
angled triangle proportionate to the perpendicular of 10. Thus, should the ship be 
passing 10 miles off an object, and the object be 22° on bow, ship will be 24-8 miles 
from the beam bearing. If the angle at the bow and the distance that the ship will 
pass off are known, the distance from the object at the time is, of course, easily seen 
from the traverse table. 



Example 3. — A ship steering north observes a light bearing N. 32° E. ; after running 
on same course for 6'o miles the light bears N. 59° E. Required the distance the ship 
will pass off the light if she continues on the same course, and the distance from the 
light at time of second he3xing.— Answer : Distance run in interval (6-o miles) will be 
the distance the ship will pass off the light. Then, opening the traverse table with 59° 
as course, and 6 in dep. column, we find 7 in dist. column as the distance the ship will 
be from object at that time. 

As a ship changes the bearing of an object much more rapidly when nearing the 
beam bearing than at any other time, the distance that a ship passes off a point will be 
better determined by the run in interval between the two bearings of 63^° on bow and 
63j° from stern— or, in other words, when it is 26J° from the beam bearing before and 
abaft — than at any other time. 

It sometimes happens that a light or point is not sighted till after the ship has 
passed the 4-point bearing. In such case Table H will be found useful, and might be 
copied out and put nside the wheel-house for ready reference. 
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Problem 4 (by Table H). — To find the Distance from an Object when abeam by the 
Distance run between Beam Bearing and any other Bearing before or abaft the Beam. 

Table H. 




























35 


•70 


45 


100 


55 


I 43 


65 


214 


75 


373 


36 


73 


46 


I 04 


56 


148 


66 


225 


76 


401 


37 


75 


47 


I 07 


57 


I "54 


67 


236 


77 


433 


38 


78 


48 


III 


58 


160 


68 


248 


78 


470 


39 


•8i 


49 


115 


59 


1-66 


69 


2-6i 


79 


514 


40 


•84 


50 


119 


60 


173 


70 


275 


80 


567 


41 


•87 


51 


123 


61 


180 


71 


2 90 


81 


631 


42 


•90 


52 


1-28 


62 


1-88 


72 


308 


82 


7-12 


43 


•93 


53 


''33 


63 


196 


73 


327 


83 


814 


44 


•97 


54 


138 


64 


205 


74 


349 


84 


951 



Rule.— 'Enter the table above with the number of degrees that the object is on the 

bow, and take out the factor given in the table abreast it. This factor multiplied by 

the run in the interval between the bearing on the bow and the 

Fig. 3. bearing of the object when abeam will give the distance off when 

<r-r?^jijjsg^ abeam. 

Example 4. — A lighthouse is observed 70° on bow, ship's speed 
10 miles per hour, and interval in time to beam bearing 48 minutes. 

48min. = 08 of an hour x 10 m. = 8m. for the run in the 
interval. 

Against 70° in the table is 275, which x 8 m. gives 22 m., the 
distance ofif when abeam ; or by traverse table, enter with 70**, and 
with distance run 8 m. in D. latitude column, gives distance ofif in 
dep. column = 22 m., and 23-4 m. the distance off when first bearing 
was taken. 




Problem 5. — From a Known Distance from Object, to set Course to pass any Required 

Distance from it. 

Rule. — Enter the traverse table with the distance required to pass ofif in the dep. 
column atfd the present distance ofif in dist. column. The course heading this will be 
the angle to bring the object on the bow. 



Example. — A 19m. light just shows above the horizon, and we wish to pass 3 m. 
off it. 

Turn over the traverse table and look out for 3 in dep. column against 19 in dist. 
column, which will be at 9°. Then bring the light 9° on bow. If the distance were 
18 or 20, instead of 19, it would not make much difference. 

Caution. — The distance found by any of these methods, or by chart methods from 
bearings of a single object with a run interval, must only be considered as an approxi- 
mation^ as they depend on the course and distance run in interval having been made 
good. If, therefore, a current is known to exist, allowance must be made for it. 

Cross-bearings of two (or, better still, three) prominent points will give a more certain 
position, provided the error of compass is known, and the points are accurately laid 
down on the chart ; but every careful man will have at least two strings to his bow, and 
the position as found by run and interval will be a good check against possible errors, 
for, I think, every one will admit their liability to such mistakes as reading off the 
wrong bearing, or applying the variation the wrong way, &c., and for this reason it is 
therefore always better to take three cross-bearings, when such are available. 

The Compass and Pelorus. 

Some owners do not seem to realise the value of having a proper compass, with a 
suitable position selected for it in the ship. Dozens of New Zealand ships would but 
for the Adjusters' reports be without any proper appliances for taking bearings, and 
many of the compasses are so closely surrounded by iron that no deviation card can be 
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depended on. I would like here to point out the value in coastal navigation of having 
a Pelorus, which can be shifted to a stand made for it from one side of the bridge to 
the other, as is needed. The instrument is generally made of brass, being a dumb com- 
pass card without needles. It is a convenient plan to have the Pelorus set to the true 
geographical course, or else the magnetic course the ship is steering ; then any bearings 
taken by it will be true, or magnetic, as the case may be, and free from the trouble of 
applying the error or variation of the compass. It may also be set to zero, N. or S., 
and the angle on the bow will then be readily read oif for greater convenience in finding 
the distance oflf points, as in the problems which have been here mentioned. 

IVarning. — Do not use the Pelorus for long-distance bearings, such as Mount 
Egmont, 50 miles off. 



EX-MBBIDIAISr 



AZIMUTH-INSPECTION TABLES, 



H. 8. BLACKBUENE and CHAELES WESTLAND. 
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EX-MERIDIAN AND AZIMUTH-INSPECTION TABLES. 



Explanation of Tables 

Approximate Apparent Times of the Meridian Passages of the Principal 
Fixed Stars 

£x<meridian Table No. I : Reductions corresponding to A and B Correction . 

Table showing Limits of Ex- meridian Table No. 1 

No. 2 ..... 

Ex- meridian Table No. 2 : Reductions corresponding to A and B Correction . 

Reduction and Azimuth Table for :|c a Lyrse (Vega) 

>, * tt Cygni (Deneb) .. 

,, ' * a AurigsB (Capella) 

* a Persei (Mirfak) ... 
^ V Urss Majoris (Benetnasch) 

., ♦ e Ursse Majoris 

:ic a Ursse Majoris (Dubhe) 
He a Ursse Minoris (Polaris) 
,. :|c a Argiis (Canopus) 

„ * a Pavonis . . 

„ 9ic a Eridani (Achemar) 

„ ij/i € Argils and He p Crucis 

„ * a Centauri 

* a Crucis 



He a Triangul 
He /3 ArgtLs 



Ex- meridian Table No. 3 



Sumner's Method. — Extraots, &o., from Captain 
Method . . 



Australis 



Purey-Cust's Book on the 



Examples 

Plane Chart with Positions from Examples Plotted en it 



Pages 
IQQ-lir 



112-11»^ 

114-115 

116 

iir 

118-119* 

120-121: 

122-123r 

124-126 
126 
12T 
128: 

129-130- 
131 

132-139 
134 

135-136^ 
137 

138-139 

UO-Ul 
142 
143 

144-149 



160-152 
163-159 
Facing 160 
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EXPLANATION OF TABLES. 



Approximate Apparent Times of the Meridian Passages of the Principal 

Fixed Stars. 

The times are given in this table for the ist of each month, and the meridian of 
Oreenwich. To find the time for any other day subtract the portion of time cor- 
responding to the day of the month in the day-correction table. Add i min. for every 
-90® of east longitude and subtract i min. for every 90" of west longitude. 

The time of the meridian passage of each star has been carefully calculated to the 
nearest second of time, and is given in the table to the nearest minute. 

For the circumpolar stars which never set in higher latitudes than 50° N. or S. the 
times of the meridian passages of the inferior as well as the superior transit has been 
^ven. 

Example and Caution in using this Table. 

Required the meridian passage of ^f /3 Centauri on 31st October, in longitude 
10° W. 

H. M. 

Mer. pass, of ^ jS Centauri on ist October is i 30 p.m. 
Cor. for 31st day — i 5a 

D. 

Approz. time 31 23 38 = 11 38 a.m. on ist November. 

2na cor. required — 4 

Approx. mer. pass. * /3 Centauri 31 23 34 or 11 34 a.m. on ist November. 



The interval in this case is within 2 hours of 31 days instead of 30 days, therefore 
nearly 4 minutes more correction is required to be subtracted. The correction for longi- 
tude would be less than 10 seconds. 

The table is calculated for the year igro, but will be within 2 min. for many 
years, with the single exception of the * Polaris which has an annual and increasing 
•change in R.A. of over 27 s., and will therefore be about 5 min. later in passing the 
meridian in 10 year's time. 

£z-meridian Table No. 1. 

The factor under the heading of Reduction abreast the A and B Correction is the 
reduction at i min. from the meridian to apply to an altitude to reduce it to the 
meridian altitude. 

Instructions concerning the Use of Table and Rule for Application. 

Multiply the factor corresponding to the A and B correction under the heading of 
Reduction by the number of minutes and decimals in the hour-angle from the meridian, 
which then gives the correction to apply to the observed altitude to reduce it to the 
meridian altitude. Add this correction to the observation taken near the upper meridian 
passage, and subtract the correction when observation is taken near the meridian below 
the Pole. 

This reduction will not be more than J' in error when the hour-angle is less 
than that shown in the accompanying table immediately following, which shows the 
limits within which it is safe to use the table without appreciable error. 

Formula used in the calculation of the table : 

T3 J ^. r • 30' [A db Bj (For example in use of the 

Reduction for i mm. = : r=-— r *^ui^ «5l ^ ««« , -*: ^ \ 

I _l_ 2 A ± B] 2 table, see pages 156-9.) 

Tables showing Limits of Reduction Tables No. i and No. 2. 

These two tables show at a glance the hour-angles at which it is safe to use Reduc- 
tion Tables No. t and No. 2, so that with the correct time the reduction will not be in 

8— Az. 



no 

error more than )'. It most, however, be borne in mind that the resulting latitude 
is the latitude corresponding to the meridian of longitude used in the deduction of 
the time. The A and B correction will readily show the line of position which must 
be laid down on the meridian of the D.R. longitude used in determining the time. 



Ez-meridiaii Table Ko. 2. 

The instructions and rules relating to this table are exactly the same as for Table 
No. I. 

Formula used in the calculation : 

ly 



Reduction for i min. = 



2 [A ± B]. 



NoTE.T-This table is entirely independent of Table No. i, which will generally give 
the best results and widest limit. Table No. 2 is given on account of the wide limits 
of reduction which it gives with high declinations and low latitudes; and the same 
wide limits may be obtained when in high latitudes and low declinations by transposing 
latitude for declination, and vice versa. A glance at the tables showing the limits of 
the two ex-meridian tables will at once show v.hether it is most advantageous to use 
No. I or No. 2 Ex-Meridian Table. (See example, p. 157.) 

A truer formula than that used for either No, i or No. 2 Ex-meridian Tables, 
would be 

„ , . 30' [A ± B] 

Reduction = - — 7- -^ 

2 [A ± B] 2 4. sec.*-* lat. 

After calculating and tabulating a portion of the table from this formula it was found 
that the gain in accuracy and extent of limit was so small that it did not seem to be 
worth the considerable additional space that would be needed for such a table. More- 
over, the two tables now published give a wider range of limit than that of most other 
ex-meridian tables. 



Reduction to the tferidian and Azimuth Tables near the Meridian below^ 
the Pole of Different Circxunpolar Stars. 

These tables give at sight the reductions and azimuths of seventeen circumpolar 
stars up to i h. 15 m. from the meridian below the Pole. The reduction must be 
subtracted from the altitude to reduce it to the meridian altitude at the inferior transit. 

It is hoped that these tables will facilitate greatly the observation of twilight stars,, 
as the reduction taken out at sight to the nearest couple of minutes and applied to the 
calculated altitude would give the approximate altitude for setting on the sextant, and 
the bearing which is given on the same page will give the direction in which to look. 

The bearings of eight of the brightest circumpolar stars have also been given for 
every 2 minutes of time up to 3 hours from the meridian below the Pole. This will sup- 
plement Davis's Star Azimuth Tables, as these hour-angles are not given in that work,, 
and they are especially useful in facilitating ex-meridian and "Sumner" problems. 
(For examples in the use of tables see p. 154.) 

The formula used in the calculation for the reduction tables is that deduced 
from dropping a perpendicular on the hour-circle outside the usual spherical tri- 
angle at N. (See figure on p. iii.) Then Tan. P N = cos. P • tan. Z P. . Cos. Z D = 
cos. PZ • COS. ND • sec. N P. Drop a perpendicular on the meridian at M. Then 
Reduction = M Z D — Z D. Some of the smaller hour-angles were calculated by 
No. I Ex-meridian Table in this work, in conjunction with the A and B tables. All the 
calculations have been worked out to the nearest second of arc, and have been carefully 
checked by differences. 

The azimuths have been worked to the nearest minute of arc by the A and B 
tables, in conjunction with a specially calculated table (II) of the author's old work,, 
further extended to minutes of arc. 

From oh. 4m. to ih. 15m. the azimuths are tabulated to the nearest decimal 
of a degree, and from i h. 16 m. to 3 hours from the inferior transit they are given in 
degrees and minutes of arc. 

The tables have been calculated from the star's mean declination on ist January, 
1910. For fifty years there will hardly be any appreciable change in either in the re- 
ductions or azimuths. 



Ill 

Ez-meridian Table No. 3. 

These tables, with the help of the azimuth tables, are for facilitating the work of 
finding the latitude by arcs (i) and (2), P M and Z M, in the problem explained on pages 
68 and 69. 

It will be evident that the second part of the calculation— viz. , the solution of the 
right-angled spherical triangle, Z M D, may also be affected by the formula 

Cot. (altitude -f reduction) = cot. altitude • cos. azimuth. 

If this method be substituted for the other the calculation of the latitude may be made 
entirely by the use of this ex-meridian table according to the following rules. 



Rules. 

1. Find the azimuth by tables or calculation. / 

H.A. from upper meridian — i.e., object above the Pole. 

2. Enter the ex-meridian table with declination at the side and hour-angle at the 
top, and take out arc reduction. Add this reduction to the declination for arc (i) = 
Q M. Name it the same as declination. 

3. Again enter table with altitude at the side and azimuth at the top, and take out 
second reduction. Subtract this reduction from ZD for arc (2) = ZM. Name it 
contrary to bearing of object. Add like and subtract unlike names, and name the 
latitude according to the name of the greater. 

If outside the limits of the table the calculation is readily made by the following 
formulae, as will be seen at once by a glance at the accompaying figure: — 

Cot. arc (i) = COS. H.A. x cot. dl. (See worked example 

Tan. arc (2) = cos. az. x cot. alt. on p. 156.) 

Below Pole observation = supplement oj H.A. from uppet meridian. 

With declination and hour-angle take out arc reduction. Subtract this reduction from 
PD for arc (i) = P M. -With altitude and azimuth take out second arc reduction. 
Add this reduction to altitude for arc (2) = comp. ZM = MN. Sum. of arc (i) and 

arc(2),PMandMN = PN 
■^ comp. P Z = latitude. 

Formula for the Calculation. 

Tan. arc (i) = cos. H.A. 
X cot. dl. 

Cot. arc (2) = cos. az. x 
cot. alt. 

(For example see p. 154.) 

The writer's attention 
, was first drawn to this ex 
- cellent method of obtaining 
the latitude by a letter to 
the Nautical Magazine, 
August, 1899, p. 581, from 
E. S. Haynes, master of 
the tug " Cuyuni," but the 
formation of this ex-meri- 
dian table is entirely due to 
Mr. Charles Westland, who 
most generously gave to the 
author the result of his 
labour. Having closely 
tested the tables the writer 
can testify to their practical 
accuracy; he is himself 
responsible for the accuracy 
of the last two pages, and 
a few columns in other por- 
tions of the table. 




Figure showing : 

Latitude, 60° N. Declination, 30° N. 

Hour-angle, 2 hours. 

Arc (i), PM or comp. QM. 

Arc (2), ZM or comp. MN or MS. 



lis 



Appro)(imate Apparent Times of the Meridian Passages of the Principal Fixed Stars 
at Greenwich on the First day of each Month, 1910. 





Name. 


Mag. 


Jan. 


Feb. 


Mar. 


April. 


May. 


June. 


Joiy. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 








B. M. H. W. 


H. M. 


H. M. 


H. M. 


H. M. 


H. M. 


H. M. H. M. 


H. M. 


H. M. 


H. M. 




a Andromedae . . 


21 


5 18 


3 6 


I 17 


23 20 


21 29 


19 27 


17 23 


15 1813 23 


II 34 


9 39 


7 36 


ts 


o* Crucis 


I'D 


536 


3 24 


I 35 


23 38 


21 47 


19 44 


17 40:15 3613 40 


II 52 


9 57 


7 53 


fS 


7 Cracis 


1-6 


541 


3 29 


I 40 


23 43 


21 51 


19 49 


17 45 


15 41 13 45 


II 57 


10 I 


7 58 




P Ceti 


22 


5 54 


3 41 


I 52 


23 55 


22 4 


20 2 


17 58 


15 53|i3 58 


12 10 


ID 14 


8 II 


ts 


/8 Crucis 


1*5 


5 57 


3 45 


1 56 


2 


22 8 


20 5 


18 I 


15 57|i4 I 


12 13 


10 18 


8 14 


fN 


e Urs8B Majoris 


1-8 


6 4 


3 52 


2 3 


10 


22 15 


20 13 


18 9 


16 4(14 9 


12 21 


10 25 


8 22 




7 Cassiopciae . . 


2*3 


6 6 


3 54 


2 5 


II 


22 1620 14 


18 10 


16 6,14 10 


12 22 


10 26 


8 23 


fN 


i-iUrsae Majoris 


2*1 


635 


4 23 


2 34 


40 


22 46 


20 43 


18 39 


16 35 14 39 


12 51 


10 55 


8 52 




Polaris 


21 


641 


4 29 


2 39 


46 


22 51 


20 49 


18 45 


16 4i;i4 46 


12 59 


II 3 


8 59 




Achernar 


0-5 


6 49 


4 37 


248 


54 


22 59 


20 57 


18 53 


16 49;i4 53 


13 5 


II 9| 9 6 


tN 


H Ursae Majons 


1-9 


6 58 


446 


256 


I 4 


23 9j2i 7 


19 3 


16 58 


15 3 


13 15 


II 19I 9 16 


ts 


^ Centauri 


0-8 


7 12 


5 


3 II 


I 17 


23 2321 20 


19 16 


17 12 


15 16 


13 28 


n 32 


9 29 


ts 


e Centauri 


21 


7 16 


5 4 


3 15 


I 21 


23 2621 24 


19 20 


17 16 


15 20 


13 32 


II 36 


9 33 




a Arietis 


2-2 


7 16 


5 4 


3 15 


I 22 


23 27I2I 25 


19 21 


17 17 


15 21 


13 33 


II 37 


9 34 


ts 


o« Centauri 


I 


743 


5 35 


3 47 


I 53 


2j21 56 


19 52 


17 48 


15 52 


14 4 


12 9 


10 5 


tN 


3 Ursae Minoris 


2-2 


8 5 


5 53 


4 4 


2 II 


20J22 13 


20 9 


18 5 


16 9 


14 21 


12 26 


10 22 




a Persei 


1-9 


832 


6 20 


4 31 


2 37 


47J22 40 


20 36 


18 32 


16 36 


14 48 


12 53 


10 49 




Aldebaran 


II 


9 44 


7 32 


5 44 


3 50 


I 59 23 53 


21 49 


19 44 


17 49 


16 I 


14 5 


12 2 


ts 


a Tri. Australis 


1-9 


9 53 


7 41 


5 52 


3 59 


2 8 


5 


21 57 


19 53 


17 57 


16 9 


14 14 


12 10 




Capella 


0-2 


10 24 


8 12 


623 


4 29 


2 38 


36 


22 28 


20 24 


18 28 


16 40J14 44 


12 41 




Rigel 


03 


10 24 


812 


623 


4 30 


239 


36 


22 28 


20 24 


18 28 


16 40 


14 45 


12 41 




7 Ononis 


17 


10 34 


8 22 


633 


4 40 


2 49 


46 


22 38 


20 34 


18 38 


16 50 


14 55 


12 51 




/3 Tauri 


1-8 


10 34 


8 22 


633 


4 40 


2 49 


47 


22 39 


20 34 


18 39 


16 51 


14 55 


12 52 




€ Orionis 


17 


10 45 


!33 


644 


4 51 


3 


58 


22 50 


20 46 


18 50 


17 2 


15 6 


13 3 




f Orionis 


2 


10 50 


8 38 


6 49 


4 55 


3 4 


I 2 


22 54 


20 51 


18 54 


17 6 


15 II 


13 7 




Betelguest 


Var. 


11 4 


8 52 


7 3 


5 9 


3 19 


I 16 


23 8 


21 4 


19 8 


17 20 


15 25 


13 21 




/3 Aurigae .. 


21 


II 6 


854 


7 6 


5 12 


3 21 


I 19 


23 II 


21 6 


19 II 


17 23 


15 27 


13 24 




fi Canis Majons 


20 


II 32 


9 20 


7 31 


5 38 


3 47 


I 45 


23 37 


21 32 


19 37 


17 49 


15 53 


13 50 




Canopus 


-10 


II 35 


9 23 


7 34 


5 41 


3 50 


I 48 


23 ,40 


21 35 


19 40 


17 52 


1556 


13 53 




7 Geminorum . . 


19 


II 46 


9 34 


7 45 


5 52 


4 I 


I 58 


23 50 


21 46 


19 50 


18 3 


16 7 


14 3 


tN 


Vega 


01 


II 47 


9 35 


746 


5 53 


4 2 


2 


23 52 


21 47 


19 52I18 4 


16 814 5 




Sirius 


-i'4 


II 55 


9 43 


7 54 


6 


4 9 


2 7 


3 


21 55 


19 59 


18 II 


16 15 14 12 




€ Canis Majoris 


1-6 


12 8 


9 56 


8 8 


6 14 


4 23 


2 21 


17 


22 8 


20 13 


18 25 


16 29 14 26 




5 Canis Majoris 


20 


12 18 


10 6 


8 17 


624 


4 33 


2 30 


27 


22 18 


20 22 


18 35 


16 3914 35 




Castor 


20 


12 42 


10 30 


841 


6 48 


4 57 


2 55 


5J 


22 42 


20 46 


18 59 


17 315 




Procyon 


0-5 


12 48 


10 36 


847 


654 


5 3 


3 


56 


22 48 


20 52 


19 4 


17 9 


15 5 




Pollux 


1-2 


12 53 


10 41 


8 52 


6 59 


5 8 


3 5 


I 2 


22 53 


20 57 


19 10 


17 14 


15 10 




7 Argus 


1-9 


13 20 


II 8 


9 19 


7 26 


5 35 


3 32 


I 28 


23 20 


21 24 


19 37 


17 41 


15 37 


ts 


a Pavonis 


20 


13 32 


II 20 


9 31 


7 38 


546 


3 44 


I 40 


23 32 


21 36 


19 48 


17 52 


15 49 




e Argus 


17 


13 34 


IT 23 


9 33 


7 40 


5 49 


346 


I 42 


23 34 


21 38 


19 50 


17 55 


15 51 


tN 


a Cygni 


13 


13 51 


II 40 


9 50 


7 57 


6 6 


4 4 


2 


23 51 


21 56 


20 8 


18 12 


16 9 




3 Argus 


2*0 


13 55 


11 43 


9 54 


8 I 


6 10 


4 8 


2 4 


23 55 


22 


20 12 


18 16 


16 13 




j8 Argus 


17 


14 25 


12 13 


10 24 


8 31 


6 40 


438 


2 34 


29 


22 30 


20 42 


18 46 


16 42 




I Argus 


2-2 


14 28 


12 16 


10 27 


^33 


6 42 


4 40 


2 36 


32 


22 32 


20 44 


18 49 


16 45 




a Hydrae 


22 


14 36 


12 24 


10 35 


842 


651 


4 49 


2 45 


40 


22 40 


20 53 


18 57 


16 53 


ts 


a Gruis 


1-9 


15 15 


13 3 


II 14 


9 21 


7 30 


528 


3 24 


I 19 


23 20 


21 32 


19 36 


17 33 




Regulus 


i'3 


15 16 


13 4 


II 16 


9 22 


7 31 


5 29 


3 25 


I 20 


23 21 


21 33 


19 37 


17 34 


ts 


/3 Gruis 


21 


15 50 


1338 


II 49 


9 56 


8 5 


6 2 


3 59 


I 54 


23 55 


22 7 


20 II 


18 7 




DwfcA^ 


20 


16 II 


13 59 


12 10 


10 17 


8 26 


6 23 


4 19 


2 15 


19 


22 28 


20 32 


18 28 




/3 Leonis 


22 


16 57 


14 45 


12 56 


II 3 


9 12 


7 9 


5 6 


3 I 


I 5 


23 14 


21 18 


19 14 




a^ Crucis 


10 


17 34 


15 22 


13 33 


II 40 


9 49 


746 


5 43 


3 38 


I 42 


23 51 


21 55 


19 51 




7 Crucis 


1-6 


17 38 


15 27 


13 38 


II 44 


9 53 


7 51 


5 47 


3 43 


I 47 


23 55 


21 59 


19 56 




/3 Crucis 


1-5 


17 55 


15 43 


13 54 


12 I 


10 10 8 7 


6 3 


3 59 


2 3 


15 


22 16 


20 12 




e Urss Majoris 


1-8 


18 2 


15 50 


14 2 


12 8 


10 171 8 15 


6 II 


4 6 


2 II 


23 


22 23 


20 19 


tN 


7 Cassiopeiae . . 


2*3 


18 3 


15 52 


14 3 


12 9 


10 i8J 8 16 


6 12 


4 8 


2 12 


24 


22 24 


20 21 




fiUrssB Majoris 


2*1 


18 32 


16 21 


14 32 


12 38 


10 47; 8 45 


6 41 


4 37 


2 41 


53 


22 53 


20 50 




Spica 


1-2 


18 3316 21 


14 32 


12 39 


10 48 8 45 


6 41 


4 37 


2 41 


53 


22 53 


20 50 


tN 


Polaris 


21 


18 39 16 27 


14 37 


12 44 


10 53 


8 51 


647 


4 43 


248 


I 


23 I 


20 57 


ts 


Achernar 


05 


18 46 


16 35 


14 46 


12 52 


II I 


8 59 


655 


4 51 


2 55 


I 7 


23 7 


21 4 




ri Ursae Majoris 


19 


18 56 


16 44 


14 55 


13 2 


II II 


9 9 


7 5 


5 


3 4 


I 17 


23 17 


21 13 



' -j-S.—These times relate to the Meridian Passages of Circumpolar Stars at the Inferior Transit, N. or S. denoting 

the Declination of the Star. 
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Approximate Apparent Times of tlie Meridian Passages of tlie Principal Fixed Stars 
at Greenwicli on tlie First Day of each Month, 1910. 





Name. 


Mag. 


Jan. 


Feb. 


Mar. 


April. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 






H. M.I H. M. 


H. M. 


H. M. 


H. M. 


H. M. 


H. M. 


H. M. 


H. M. 


H. M. 


H. M. 


H. M. 




fi Centauri 


0-8 


19 916 58 


15 9 


13 15 


II 24 


9 22 


7 18 


5 14 


318 


I 30 


23 30 


21 27 




Centauri 


21 


19 i3|i7 2 


15 13 


13 19 


II 28 


9 26 


7 22 


5 17 


3 22 


I 34 


23 34 


21 31 




A returns 


0-3 


19 23 17 12 


15 23 


13 30 


II 39 


9 36 


7 32 


528 


3 32 


I 44 


23 44 


21 41 




a* Centauri 


I 


19 45 17 34 


15 45 


13 51 


12 


9 5« 


7 54 


5 50 


3 54 


2 6 


10 


22 3 




p Ursae Minoris 


22 


20 3 17 51 


16 2 


14 9 


12 18 


10 15 


8 12 


6 7 


4 II 


2 23 


28 


22 20 


tN 


a Persei 


1-9 


20 30' 18 18 


16 29 


14 36 


12 45 


10 42 


8 38 


634 


438 


2 50 


0-55 


22 47 




Alphacca 


2-3 


20 43 


18 31 


16 42 


14 49 


12 58 


10 55 


8 51 


6 47 


4 51 


3 3 


I 7 


23 




Antares 


1*3 


21 35 19 24 


17 35 


15 42 


13 50 


II 48 


9 44 


7 40 


5 44 


3 56 


2 


23 53 




a Tri. Australis 


1-9 


21 51 19 39 


17 50 15 57 


14 6 


12 3 


9 59 


7 55 


5 59 


4 II 


2 16 


12 


tN 


Capella 


0-2 


22 2120 10 


18 2i'i6 28 


14 36 


12 34 


10 30 


8 26 


6 30 


.4 42 


2 46 


43 




X Scorpii 


1-8 


22 39 


20 27 


18 38 


16 45 


14 54 


12 52 


10 48 


843 


647 


5 


3 4 


I I 




a Ophiuchi 


21 


22 42 


20 30 


1842 


16 48 


14 57 


12 55 


10 51 


8 46 


651 


5 3 


3 7 


I 4 


tN 


p Aurigae 


21 


23 4 


20 52 


19 4 


17 10 


15 19 


13 17 


II 13 


9 8 


7 13 


5 25 


3 29 


I 26 




e Sagittarii 


1*9 


23 29 


21 18 


19 29 


17 3^ 


15 44 


13 42 


II 38 


9 34 


7 38 


5 50 


3 54 


I 51 


ts 


Canopus 


-lO 


23 33 


21 21 


19 33 


17 39 


15 4« 


13 46 


II 42 


9 37 


7 42 


5 54 


3 58 


I 54 




Vega .. 


o*i 


23 45 


21 33 


19 44 


17 51 


16 


13 58 


II 54 


9 49 


7 53 


6 6 


4 10 


2 7 




0- Sagittarii 


21 


5 


21 49 


20 


18 7 


16 16 


14 13 


12 10 


10 5 


8 9 


6 22 


4 26 


2 23 




a Aquilae 


0-9 


I 2 


22 46 


20 57 


19 3 


17 12 


15 10 13 6 


II 2 


9 6 


7 18 


5 22 


3 19 


ts 


•y Argus 


1-9 


I 22 


23 6 


21 17 


19 24 


17 33 


15 30 13 26 


II 22 


9 26 


7 38 


5 43 


3 39 




a Pavonis 


20 


I 33 


23 18 


21 29 


19 36 


17 44 


15 4213 38I11 34 


9 38 


7 50 


5 54 


3 51 


ts 


c Argus 


17 


I 36 


23 2o'2i 3i|i9 38 


17 47 


15 44 


13 40 


II 36 


9 40 


7 52 


556 


3 53 




o Cygni 


1-3 


I 54 


23 3721 49,19 55 


18 4 


16 2 


13 5« 


II 53 


9 58 


8 10 


6 14 


4 12 


ts 


5 Argus 


20 


I 56 


23 41 21 53 19 59 


18 8 


16 6 


14 2 


II 57 


10 I 


814 


6 18 


4 15 


ts 


j3 Argus 


17 


2 27 


I5|22 22 20 29 


18 38 16 36 


14 32 


12 27 


10 31 


844 


6 48 


4 45 


ts 


L Argus 


2'2 


2 30 


1822 25 


20 32 


18 4016 38 


14 34 


12 30 


10 34 


8 46 


6 50 


4 47 




a Gruis 


1*9 


3 17 


I 5 


23 13 


21 19 


19 28 17 26 


15 22 


13 17 


II 22 


9 34 


7 38 


5 35 




^ Gruis 


21 


3 52 


I 40 


23 47j2i 54 


20 3 18 


15 56 


13 52 


II 56 


10 9 


8 12 


6 10 




Fomalhaui 


1-3 


4 7 


I 55 


622 9 


20 18 18 16 


16 12 


14 7 


12 12 


10 24 


8 28 


62s 


tN 


Dubhe 


2 O 


4 13 


2 I 


12I22 15 


20 24 18 21 


16 17 


14 13 


12 17 


10 29 


8 34 


6 30 



+ N. or + S.— These times relate to the Meridian Passages of Circumpolar Stars at the Inferior Transit, N. or S. denoting 

the Declination of the Star. 

Correetipn of the Times In the preceding Table for the Day of the Month. 

TO BE SUBTRACTED. 



Days. 


Jan. 


Feb. 


Mar. 


April. 


May. 


June. • July. 


Aug. 


Sept. 


Oct. Nov. 


Dec. 


I 
2 
3 
4 
5 
. 6 

I 

9 
10 


H. M. 

4 

9 
13 
18 

22 
26 
30 
35 
39 


U. M. 



4 

8 

12 

16 

20 
24 
28 

32 
36 


H. M. 

4 

7 
II 
15 
19 
22 
26 
30 
33 


H. M. 


4 
7 
II 
15 

18 

22 
26 
29 

33 


H. M 


4 
8 
II 
15 

19 
23 
27 
30 
35 


H. M. 


4 
8 
12 
16 

21 
25 
29 

33 
37 


H. M. 

4 

8 
12 
16 

21 
25 
29 
33 

37 


H. M. 

4 

8 
12 
15 

19 
23 
27 

31 
35 


H. M. 

4 

7 

II 
14 

18 
22 
25 
29 
32 


H. M. 

4 
7 
II 
15 

18 
22 
25 
29 

33 


H. M. 

4 

8 
12 
16 

20 
24 
28 
32 
36 


H. M. 

4 

9 
13 
17 

22 
26 
30 
35 
39 


II 
12 
13 
14 
15 
16 

17 
18 

19 
20 


43 
48 
52 

56 

1 I 

I 5 
I 9 
I 13 
I 18 
I 22 


40 

44 
48 

52 

56 

1 

I 3 
I 7 
I II 

I 15 


37 
41 
44 
48 
52 

55 

59 

1 2 
I 6 
I 10 


36 

40 
44 
48 
51 

55 

59 

1 2 
1 6 
I 10 


39 
42 
46 
50 
54 

58 

1 2 
I 6 
I 10 
I 14 


41 
45 
49 
54 

58 

1 2 

I 6 
I 10 
I 14 
I 19 


41 
45 
49 
53 

57 

1 I 
I 5 
I 9 
I 13 

I 17 


38 
42 
46 
50 

53 

57 

1 I 

I 5 
I 8 
I 12 


36 
40 
43 
47 
50 

54 

58 

1 I 

I 5 
I 8 


37 
40 
44 
48 
51 

55 

59 

1 3 
I 6 
I 10 


40 
44 
48 
52 

56 

1 
I 4 
I 9 
I 13 

I 17 


44 
48 
52 

57 

1 I 

I 6 
I 10 

I 15 
I 19 
I 24 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

.3^ 


I 26 
I 31 
I 35 
I 39 
I 43 

I 47 
I 51 

1 56 

2 

2 4 
2 8 


I 19 
I 23 
I 26 
I 30 
I 34 
I 38 
I 42 
I 45 


I 14 
I 17 
I 21 
I 24 
1 28 

I 32 
I 35 
I 39 
I 43 
I ^6 
I so 


I 13 
I 17 
I 21 
I 25 
I 28 

I 32 
I 36 
I 40 

I 44 
I 47 


I 18 
I 22 
I 26 
I 30 
I 34 

I 38 
I 42 
I 46 
I 50 
I 55 
I 59 


I 23 
I 27 

I 31 
I 35 
I 39 

I 44 
I 48 
I 52 

1 56 

2 


I 21 
\ 25 
I 29 
I 33 
I 37 

I 41 
I 45 
I 49 

I 53 

1 57 

2 I 


I 16 

I 19 
I 23 

I 27 

I 31 

I 34 
I 38 

I 42 
I 45 
I 49 


I 12 
I 16 
I 19 
I 23 
I 26 

I 30 
I 34 
I 37 
I 41 

I 44 


I 14 
I 18 
I 21 
I 25 
I 29 

I 33 
I 37 
I 41 
I 44 
I 48 
I 52 


I 21 
I 25 
I 30 

I 34 
I 38 

I 42 
I 47 
I 51 
I 55 
I 59 


I 28 
I 32 
I 37 
I 41 
I 46 
I 50 
I 55 

1 59 

2 3 
2 8 
2 12 
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Ex-Meridian Table No. 1. 

Showing the Reduction at i min. from the Meridian corresponding to the A and B Corrections 
. given on Pages 6 to 27 of this Work. 



AandB 


Reduc- 


AandB 


Reduc- 


AandB 


Reduc- 


AandB 


Reduc- 


AandB 


Reduc- 


AandB 


Reduc- 


AandB 


Reduc- 


Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. 


1 
2*00 


3529 


2-70 


2-686 


3-40 


2*159 


4-10 


I -802 


^•'f^ 


1*546 


5-50 


1*352 


/ 
6-20 


1 
1-202 


2*01 


3*514 


2*71 


2-676 


3*41 


a*i53 


4-11 


1-798 


4*8i 


1*542 


5*51 


1-350 


6*21 


1-200 


202 


3-498 


2*72 


2667 


3*42 


a-147 


4-12 


1*794 


4-82 


1*539 


5*52 


1*348 


6-22 


1-198 


203 


3483 


2*73 


2*658 


3*43 


2-141 


4-13 


1-790 


4*83 


1*536 


5*53 


1*345 


6*23 


1-196 


204 


3*468 


2*74 


2-649 


3-44 


a*i35 


4*14 


1*786 


4*84 


1*533 


5*54 


X-343 


6-24 


1-194 


205 


3*453 


275 


2-640 


345 


2*129 


4*15 


1*781 


^•fl 


1*530 


5*55 


1-340 


6*25 


1-192 


206 


3-438 


2*76 


2-631 


3-46 


2-123 


4-16 


1*777 


4*86 


1*527 


556 


1*338 


6*26 


I-I9I 


207 


3423 


2*77 


2*622 


3*47 


2-II7 


4*17 


1*773 


4-87 


1*524 


5*57 


1*336 


!'^2 


1-189 


208 


3*409 


278 


2*613 


3*48 


2*112 


418 


1*769 


4*88 


1*521 


5*58 


1*333 


628 


I-187 


2*09 


3394 


279 


2*604 


3*49 


2-106 


4*19 


1*765 


4*89 


i*5i8 


5*59 


1*331 


6-29 


1-185 


210 


3380 


2*8o 


2*596 


3-50 


2*IOO 


420 


1761 


4-90 


1*515 


560 


1*329 


6-30 


1-183 


2*11 


3366 


2*8t 


2-587 


3*51 


2*094 


4-21 


1*757 


4-91 


1*512 


5-61 


1-326 


6*31 


I-181 


2*12 


3*351 


2-82 


2*578 


3-52 


2089 


4-22. 


1*753 


4-92 


1*509 


5-62 


1*324 


6*32 


1*179 


2*13 


3337 


283 


2570 


3*53 


2-083 


4-23 


1*749 


4-93 


1*506 


5*63 


1*322 


6*33 


I-I77 


2*14 


3*323 


284 


2-561 


3*54 


2077 


4-24 


1-745 


4*94 


1*503 


5*64 


1-320 


6*34 


1-176 


2*15 


3*309 


2*85 


2-553 


3*55 


2072 


4*25 


1-741 


495 


1-500 


565 


1317 


6*35 


1*174 


2-i6 


3-296 


2-86 


2-545 


3-56 


2066 


426 


1*737 


4-96 


1-497 


5-66 


1*315 


6-36 


1*172 


217 


3-282 


2*87 


2536 


3-57 


2 060 


4-27 


1-733 


4*97 


1-494 


567 


1*3x3 


6-37 


1-170 


218 


3-268 


2*88 


2-528 


358 


2055 


4-28 


1*729 


4-98 


1*491 


5-68 


1-310 


6-38 


1-168 


2*19 


3255 


289 


2-520 


359 


2049 


4-29 


1-725 


4*99 


1-488 


569 


1*308 


6*39 


1*167 


2-20 


3242 


290 


2-512 


3-6o 


2-044 


4-30 


1-721 


500 


1*485 


5-70 


1-306 


6-40 


1*165 


2*21 


3-228 


2-91 


2-503 


3-61 


2-038 


431 


1-717 


5-01 


1*482 


571 


1303 


6-41 


1-163 


2*22 


3-215 


292 


2495 


362 


2033 


432 


1-713 


502 


1*479 


5*72 


1*301 


6-42 


i*i6i 


223 


3202 


293 


2-487 


3-63 


2028 


4-33 


1-709 


503 


1-476 


5*73 


1*299 


6*43 


1159 


224 


3-189 


2-94 


2-479 


3-64 


2-023 


4-34 


1-705 


5-04 


1-474 


5*74 


1*297 


6-44 


1-158 


225 


3-176 


295 


2-471 


3-65 


2017 


4*35 


1-702 


505 


1-471 


5-75 


1*294 


6*45 


1*156 


226 


3-164 


296 


2463 


3-66 


2-OI2 


436 


1-698 


5-06 


1-468 


5-76 


1-292 


6*46 


1154 


2-27 


3-151 


2-97 


2456 


3-67 


2006 


4-37 


1-694 


5-07 


1-465 


5-77 


1-290 


6*47 


1*152 


2-28 


3-139 


298 


2-448 


3-68 


2001 


4-38 


1-690 


508 


1*462 


5-78 


1*288 


6-48 


1*150 


229 


3-126 


2-99 


2440 


3-69 


1-996 


4-39 


1-687 


509 


1*459 


5*79 


1-286 


6-49 


1-149 


230 


3114 


300 


2432 


3-70 


1-991 


4-40 


1-683 


5-IO 


1-457 


5-8o 


1*284 


6*50 


1*147 


2-31 


3-101 


301 


2425 


3-71 


1-986 


4-41 


1-679 


5-11 


1*454 


5-8T 


1*281 


6-51 


1*145 


232 


3089 


3-02 


2-417 


3-72 


1-980 


4-42 


1*675 


5-12 


I -451 


5-82 


1*279 


6-52 


1*144 


2*33 


3077 


303 


2410 


3*73 


1-975 


4-43 


1*672 


513 


1-448 


5-83 


1*277 


6*53 


1*142 


2-34 


3065 


3-04 


2 402 


3*74 


1*970 


4*44 


1*668 


5*14 


1-445 


5-84 


1*275 


6*54 


1-140 


2-35 


3053 


3-05 


2-395 


3*75 


1-965 


4*45 


1*664 


5-15 


1-443 


5-85 


1-273 


6*55 


1-138 


236 


3041 


3-06 


2387 


376 


1-960 


4*46 


I-66I 


5-i6 


1-440 


5-86 


1*270 


6*56 


1*137 


2*37 


3030 


3-07 


2 380 


3-77 


1-955 


4*47 


1*657 


5-17 


1-437 


587 


1-268 


6-57 


1*135 


238 


3018 


3-08 


2373 


3-78 


1-950 


4*48 


1-654 


5-18 


1*435 


5-88 


1*266 


6-58 


1133 


2-39 


3006 


3*09 


2-365 


3-79 


1-945 


4-49 


1-650 


5-19 


1*432 


589 


1264 


6-59 


1131 


2*40 


2*995 


3-10 


2358 


3-80 


1-940 


4*50 


1-646 


5*20 


1*429 


590 


1-262 


6-6o 


1*130 


241 


2984 


3-II 


2351 


3-81 


1-935 


4-51 


1*643 


5-21 


1*426 


5-91 


1-260 


6-61 


1128 


242 


2972 


3*12 


2-344 


3-82 


1-930 


4-52 


1*639 


5-22 


1-424 


5-92 


1-258 


6-62 


1*127 


243 


2-961 


3*13 


2-337 


3-83 


1-925 


4*53 


1*636 


5*23 


1*421 


593 


1-256 


6-63 


1-125 


2*44 


2950 


3-14 


2 329 


3-84 


1-921 


4*54 


1*632 


5-24 


1*418 


5-94 


1*254 


6-64 


1*123 


245 


2939 


3*15 


2322 


3-85 


1-916 


4*55 


1*629 


525 


1*416 


5-95 


1*252 


665 


1*122 


2*46 


2-928 


3-16 


2-315 


3-86 


1-911 


4*56 


1*625 


5-26 


1*413 


596 


1*250 


6-66 


1*120 


2*47 


2-917 


3-17 


2-308 


3*87 


1*906 


4*57 


1*622 


5-27 


1*410 


5-97 


1-247 


6-67 


1*118 


2-48 


2906 


3-18 


2-302 


3-88 


I -901 


4*58 


1*618 


5*28 


1*408 


5-98 


1-245 


6-68 


1*117 


2*49 


2-895 


3-19 


2-295 


3-89 


1-897 


4*59 


1-615 


5*29 


1*405 


5-99 


1-243 


6-69 


I-II5 


2*50 


2-885 


320 


2-288 


390 


1-892 


4-60 


1*611 


5-30 


1*403 


6-00 


1*241 


670 


1*113 


2-51 


2-874 


3-21 


2-281 


3-91 


1-887 


4*61 


I -608 


5-31 


1*400 


6-OI 


1*239 


6-71 


1*112 


2-52 


2-863 


3-22 


2-274 


3-92 


1*883 


4*62 


1*605 


5*32 


1*397 


6-02 


1*237 


6-72 


1*110 


2*53 


2-853 


3-23 


2-268 


3-93 


1*878 


4*63 


I-60I 


5*33 


1*395 


603 


1*235 


6-73 


1*108 


2-54 


2-843 


324 


2 261 


3*94 


1*873 


464 


1*598 


5-34 


1*392 


604 


1*233 


6-74 


1-107 


2-55 


2-832 


3-25 


2-254 


3-95 


1*869 


4*65 


1*594 


5-35 


1-390 


6-05 


1*231 


6*75 


1*105 


256 


2822 


3-26 


2 248 


3-96 


1-864 


4-66 


1-591 


5-36 


1-387 


606 


1*229 


6-76 


1-103 


2-57 


2-8l2 


327 


2*241 


397 


1-860 


4-67 


1*588 


5*37 


1-385 


6*07 


1-227 


6*77 


1*102 


2-58 


2 -802 


3-28 


2235 


398 


1-855 


4-68 


1-584 


538 


1-382 


6-08 


1*225 


6-78 


i-ioo 


2*59 


2792 


329 


2228 


3-99 


1-851 


469 


1-581 


539 


1-380 


609 


1-223 


6-79 


1*099 


260 


2782 


3-30 


2-222 


400 


1-846 


4-70 


1*578 


5-40 


1-377 


6-10 


1*221 


6-80 


1-097 


2-6i 


2-772 


3-31 


2-215 


4-01 


1-842 


4-71 


1*575 


5*41 


1-375 


6-11 


1*219 


6-81 


1*095 


2-62 


2 762 


3-32 


2 209 


4-02 


1-837 


4*72 


1*571 


542 


1-372 


612 


1-217 


6-82 


1*094 


2-63 


2*752 


3*33 


2-203 


4-03 


1*833 


4-73 


1*568 


5*43 


1-370 


6-13 


I-2I5 


6-83 


1*092 


2.64 


2*742 


3*34 


2*196 


4*04 


1-828 


4-74 


1-565 


5*44 


1*367 


6*14 


1*213 


6-84 


1*091 


2*65 


2*733 


3*35 


2-190 


405 


1-824 


4-75 


1-562 


5*45 


1*365 


6-15 


I-2II 


6-85 


1*089 


2-66 


2-723 


3*36 


2*184 


4-06 


1-820 


4-76 


1-558 


5*46 


1*362 


6-16 


I-2IO 


6-86 


1-088 


2-67 


2-714 


3-37 


2-178 


4-07 


1-815 


4-77 


1-555 


5*47 


1-360 


6-17 


I -208 


687 


1086 


2*68 


2*704 


3-38 


2-171 


4-08 


i-8ii 


4-78 


1-552 


5*48 


1-357 


6- 18 


1*206 


6-88 


1-084 


2*69 


2*695 


3*39 


2-165 


4-09 


1-807 


4-79 


1*549 


5*49 


1355 


6-19 


1*204 


6-89 


1*083 
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Ex-Meridian Table No, 1. 

Showing the Reduction at i min. from the Meridian corresponding to the A and B Corrections 
given on Pages 6 to 27 of this Work. 





^andB 


Reduc- 


AandB 


Reduc- 


AandB 


Reduc- 


AandB 


Reduc- 


AandB 


Reduo- |a and B 


Reduc- 


AandB 


Reduc- 




Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. 




$ 

690 


IO81 


1 , 
7-60 


•983 


860 


•869 


1 
lo-oo 


7;8 


1 
11*40 


•657 


12*80 


•585 


t 

14*20 


•527 




6-91 


I 080 


7-6i 


•981 


862 


•867 


10-02 


747 


11*42 


•655 


12*82 


•584 


14*22 


•527 




692 


1-078 


7*62 


•980 


864 


-865 


10-04 


745 


11*44 


•654 


12*84 


•583 


14*24 


•526 




6-93 


1-077 


763 


•979 


8*66 


*863 


io-o6 


744 


11*46 


-653 


12*86 


•582 


14*26 


•525 




694 


1-075 


764 


•977 


8*68 


•861 


10-08 


742 


11-48 


•652 


12*88 


•581 


14*28 


•525 




695 


1074 


7*65 


-976 


8-70 


•859 


lo-io 


741 


11*50 


•651 


12*90 


*58i 


14*30 


•524 




696 


I 072 


7-66 


•975 


8*72 


•857 


IO-I2 


739 


11*52 


•650 


12*92 


*58o 


14*32 


•523 




697 


1071 


767 


•974 


8-74 


•855 


10*14 


738 


"•54 


-649 


12*94 


•579 


14*34 


•522 




698 


1069 


7*68 


•972 


8*76 


•853 


io*i6 


736 


11*56 


-648 


12*96 


•578 


14*36 


•522 




699 


I -068 


769 


•971 


8*78 


•852 


io*i8 


735 


11*58 


•646 


12*98 


•577 


14*38 


•521 


1 


700 


I 066 


7.70 


•970 


8*8o 


'850 


10-20 


734 


11*60 


•645 


13*00 


•576 


14*40 


•520 




701 


I 065 


7*71 


969 


8*82 


•848 


IO-22 


732 


11*62 


644 


13*02 


•575 


14*42 


•519 




702 


1-063 


772 


•967 


8-84 


•846 


10*24 


731 


11-64 


643 


13*04 


•574 


14*44 


•519 




703 


1-062 


773 


966 


8*86 


•844 


10-26 


729 


11*66 


642 


1306 


•573 


14*46 


*5i8 




704 


I 060 


774 


•965 


8*88 


*842 


10*28 


•728 


11*68 


641 


13*08 


•573 


14*48 


'5^7 




705 


1-059 


775 


•964 


890 


•840 


10-30 


726 


1170 


*640 


13*10 


*572 


14*50 


*5i7 




706 


I -057 


776 


-962 


892 


•838 


"10*32 


725 


11*72 


•639 


13-12 


•571 


14*60 


•513 




707 


I 056 


777 


•961 


8*94 


•836 


1034 


724 


11-74 


■638 


1314 


*570 


14*70 


*5io 




708 


1054 


778 


•960 


896 


•835 


10*36 


•722 


11-76 


•^57 


1316 


•569 


14*80 


*5o6 




709 


1053 


779 


•959 


8-98 


•833 


10*38 


-721 


1178 


•636 


1318 


568 


14*90 


•503 




7- 10 


1*051 


7*8o 


•958 


9*oo 


•831 


10*40 


720 


11 80 


•634 


13-20 


*567 


15*00 


•499 




711 


I 050 


7-8i 


•956 


902 


829 


10*42 


718 


11-82 


•633 


1322 


•566 


15*10 


*496 




7-12 


1-048 


7-82 


•955 


904 


•827 


10*44 


•717 


11-84 


632 


13-24 


566 


1520 


*493 




7-13 


1047 


7*83 


•954 


906 


•825 


10-46 


715 


11-86 


•631 


13-26 


*565 


15*30 


*490 




714 


1045 


7*84 


•953 


9-08 


•824 


10-48 


714 


11-88 


•630 


13*28 


•564 


15*40 


.487 




7-15 


1044 


7-85 


•952 


9-10 


•822 


10-50 


713 


11*90 


*629 


13*30 


■563 


15*50 


•483 




716 


1-042 


7*86 


950 


9-12 


•820 


10*52 


•711 


11-92 


•628 


13*32 


•562 


15*60 


*48o 




7-17 


1*041 


787 


•949 


914 


•818 


10*54 


710 


11-94 


-627 


1334 


*56i 


15*70 


•477 




718 


1*040 


7*88 


•948 


9*i6 


-816 


10*56 


•709 


1196 


626 


13*36 


*56i 


15*80 


•474 




7-19 


1*038 


789 


•947 


9*l8 


•815 


10-58 


-707 


11-98 


•625 


1338 


•560 


15*90 


'^11 




720 


I 037 


790 


•946 


9*20 


•813 


10*60 


706 


12*00 


624 


13*40 


*559 


i6*oo 


•468 




721 


I -035 


7*91 


•944 


9*22 


•811 


10*62 


705 


I2-02 


•623 


13-42 


•558 


16*10 


•465 




722 


1034 


792 


•943 


9*24 


•809 


10*64 


%703 


12*04 


622 


13*44 


•557 


16*20 


♦463 




723 


1-032 


793 


•942 


926 


-808 


10*66 


-702 


12-06 


•621 


13*46 


•556 


16*30 


*46o 




724 


1*031 


7*94 


-941 


928 


•806 


10*68 


•701 


12*08 


620 


13*48 


•556 


16*40 


•457 


725 


1*030 


795 


•940 


930 


-804 


10*70 


•699 


12*10 


•619 


13*50 


•555 


16*50 


•454 




7*26 


I 028 


7*96 


•939 


932 


•802 


10*72 


-698 


12*12 


•618 


13*52 


•554 


16-60 


•451 




727 


1*027 


797 


•937 


934 


•801 


10-74 


•697 


1214 


•617 


13*54 


•553 


16-70 


•449 




7-28 


1025 


798 


•936 


936 


799 


10*76 


696 


1216 


616 


13*56 


*552 


16*80 


•446 




729 


1-024 


799 


•935 


938 


797 


10*78 


•694 


12*18 


615 


1358 


•551 


16-90 


•443 




730 


1-023 


8-0O 


•934 


940 


796 


10*80 


•693 


I2-20 


•614 


1360 


•551 


17*00 


•441 




7-31 


I*02I 


802 


•932 


9*42 


794 


10*82 


692 


12*22 


•613 


13*62 


•550 


17-10 


•438 




732 


1-020 


8*04 


•929 


9-44 


792 


10*84 


-690 


12*24 


-612 


1364 


*549 


17-20 


•436 




733 


I-OI8 


806 


•927 


946 


-791 


10*86 


-689 


12*26 


•611 


1366 


*548 


17*30 


*433 




734 


1-017 


808 


•925 


948 


789 


10-88 


-688 


12*28 


*6io 


13*68 


•548 


17-40 


•431 




735 


IOI6 


8*10 


•922 


9*50 


•787 


10*90 


•687 


12*30 


609 


13*70 


547 


17*50 


-428 




736 


I-OI4 


8*12 


•920 


952 


•786 


10*92 


-685 


12-32 


•608 


13*72 


•546 


17*60 


-426 




7*37 


IOI3 


8-14 


•918 


9*54 


784 


10-94 


-684 


12*34 


607 


1374 


•545 


17-70 


•423 




7-38 


I0I2 


8*i6 


-916 


956 


-782 


10-96 


•683 


1236 


606 


13-76 


•544 


17*80 


-421 




7*39 


lOIO 


8*i8 


•913 


958 


•781 


10*98 


-682 


12*38 


•605 


13*78 


•543 


17-90 


•419 




740 


1-009 


8-20 


•911 


9-60 


779 


IIOO 


•680 


12-40 


-604 


13*80 


•543 


18-00 


*4i6 




7*41 


I 008 


8-22 


•909 


962 


778 


11*02 


679 


12*42 


•603 


1382 


•542 


i8-io 


•414 




7*42 


1*006 


8*24 


•907 


964 


•776 


11-04 


•678 


12-44 


•602 


13*84 


•541 


18*20 


•412 




7*43 


1*005 


8*26 


-905 


9*66 


774 


11-06 


•677 


12*46 


•601 


13*86 


•540 


18*30 


•410 




7*44 


I 004 


8-28 


•902 


9*68 


773 


n-08 


•676 


12*48 


-600 


13-88 


•540 


18*40 


•407 




745 


I 002 


830 


•900 


9*70 


•771 


ii-io 


•674 


12*50 


•599 


13-90 


•539 


18*50 


•405 




7-46 


I'OOI 


832 


-898 


972 


770 


11*12 


•673 


12*52 


-598 


13-92 


•538 


18-60 


•403 




747 


•999 


8-34 


•896 


9*74 


-768 


11-14 


672 


12-54 


•597 


13*94 


•537 


18*70 


•401 




748 


•998 


8*36 


•894 


976 


-766 


il-i6 


671 


12*56 


596 


13*96 


•536 


18*80 


•399 




7*49 


•997 


8*38 


•892 


9-78 


•765 


Ii-i8 


•670 


12*58 


•595 


13-98 


•536 


18-90 


•397 




750 


•996 


840 


•890 


9*8o 


•763 


11 20 


*668 


I2*6o 


•594 


14*00 


*535 


19-00 


•394 




751 


•994 


8*42 


•888 


9*82 


-762 


11-22 


667 


12*62 


•593 


14*02 


•534 


19*10 


392 




752 


•993 


8*44 


•885 


9*84 


•760 


11*24 


666 


12*64 


•592 


14*04 


•533 


19*20 


•390 




7*53 


•992 


846 


•883 


9*86 


759 


11-26 


665 


12*66 


-591 


14*06 


•533 


19*30 


*388 




754 


•990 


8-48 


•881 


9*88 


757 


11-28 


664 


12*68 


-591 


14*08 


•532 


19*40 


•386 




755 


•989 


850 


•879 


990 


-756 


11-30 


•662 


12*70 


-590 


14*10 


•531 


19*50 


•384 




756 


•988 


8-52 


•877 


992 


754 


1132 


661 


12*72 


•589 


14*12 


•530 


19*60 


•382 




7*57 


•986 


8*54 


•875 


994 


753 


"•34 


-660 


12*74 


•588 


14*14 


530 


19*70 


•380 




758 


•985 


8*56 


•873 


996 


751 


11-36 


•659 


12*76 


•587 


14*16 


•529 


19-80 


•379 




759 


-984 8*58 

1 


871 


9*98 


•750 


11-38 


-658 


12*78 


-586 


14*18 


•528 


2000 


•375 
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Table showing the Hour-angle Limits within which the Error of the Redaction 
calculated by Ex-meridian Table No. 1 will not exceed 0'-5. 



LATITUDE AND DECLINATION OF SAME NAME. | 


1 


Declination. 


1 


! 


« 


i 


i 

3-2. 

•1 


•s 

< 


1 



• 


1 





11 




«. 


cr» 


F 


10° 


W 


W 


o 
O 

5 

lO 

15 

20 

25 
30 

35 
40 

45 

50 
55 
60 

65 
70 

75 
80 

85 


M. 

IO» 

2011 

29/ 
30/ 

30/ 

32/ 
36/ 
38/ 

39^ 

40J 
40/ 
43( 
45^ 
48i 

52 1 
57^ 
661 


M. 

ion 

IO« 
20 H 
24/ 

26/ 
29/ 
30/ 
32/ 

35/ 

37^ 
39^ 
40/ 
425 
47^ 

51^ 
56/ 
66/ 


M. 

2011 

ion 
to» 

20 < 

22 < 

28{ 
30/ 
32' 

35' 
37' 
40/ 
42/ 
46/ 

50' 
55' 
661. 


M. 

36^ 
31* 
21^ 

im 

•• 

10 < 

17' 

2ti 
24' 
27 1 

32' 
34' 

39' 
40| 

43' 

48 J 

54' 
661 


M. 

A7g 

3Sg 
32^ 
24 n 

12H 

ion 
16/ 
21/ 

25^ 
29/ 
32/ 

37^ 
40/ 

46/ 
52/ 
64/ 


M. 

5^e 
49^ 

43*' 

42^ 

4i«^ 

39« 
25' 

12) 

i8i 

24' 
28; 

32' 
38' 

44' 
51' 
64' 


M. 

57^ 
52^ 
49^ 
44f 
44^ 

43^ 
43' 
31/ 
iifi 

10/ 

17/ 
23/ 
29/ 
34/ 

42/ 
50/ 
63/ 


M. 

59^ 
54^ 
5^g 
4Sg 
4^g 

A4g 
44^ 
54^ 
26/ 

• • 

12/ 

20/ 
26/ 
32/ 

40/ 

49^ 
62/ 


M. 

57^ 
54 g 
52g 
Mg 

Mg 
46^ 
47^ 
42/ 
21/ 

14/ 

16/ 
23/ 
30/ 

38/ 
48/ 
62/ 


M. 

62g 

58^ 
565^ 

54^ 
52g 

48/f 
47g 
47g 
52g 
35' 

18/ 

9/ 
19/ 
28/ 

36/ 

47' 
61/ 


M. 

63^ 
60^ 

57^ 
54^ 
525^ 

49^ 
48^ 
A^g 
52g 
44/ 

22/ 

17/ 
27/ 

34' 
46/ 
61/ 


M. 

641^ 
61^ 

58^ 
56^ 
52^ 

52^ 
52^ 
52 g 
5og 
6og 

34' 
17' 

14/ 
23/ 

32' 
44/ 
60/ 


U. 

66g 
64^ 
60^ 

57^ 
57g 

5ig 

52g 
52g 

53g 
555' 

52/ 
23' 

22/ 

30' 

43' 
59' 


M. 

66g 

64^ 
60^ 

58^ 

57^ 

565^ 
52 5^ 
52^ 
5^S 

52g 

53' 
24' 

2l'l 

30/ 
43' 
59' 


M. 

7og 

e>sg 

66g 

64^ 
62^ 

60^ 
58^ 
56^ 
565' 

555^ 

555 
645' 
39' 

23' 
39' 
57' 


M. 
705' 

68^ 

645' 
63^ 

615^ 
59^ 
575' 
575^ 
545 

545 
64^ 
43' 

21/ 

37' 
56/ 


INFERIOR TRANSIT. | 


NOTE. 

g signifies true reduction is 
greater than tabular 
reduction. 

/ signifies that true reduc- 
tion is less than tabular 
reduction. 

n signifies that there is no 
error as great as o"5 
within limits of hour- 
angle which give A ± 
B greater than 2"ooo. 


Lat.25 
30 

35 
40 

45 

50 
55 
60 

65 
70 

75 
80 

85 


56/ 
56' 
56 1 
56' 

58' 
60/ 
72; 


1 

! ; 68/ 

# 
61/ 64/ 
60/ 63/ 

59/ ! 61/ 
58/ I 61/ 
60/ ! 62/ 

62/ 62/ 
64/ 64/ 
72/ i 74^ 


76/ 

71/ 

68/ 
65/ 
65/ 
64/ 
62/ 

64/ 

67/ 
75^ 


100/ 
84/ 
80/ 

72/ 
69/ 
69/ 
66/ 
66/ 

66/ 

67/ 
75' 


100/ 
88/ 
80/ 

76/ 
70/ 
68/ 
66/ 
64/ 

64/ 
67/ 
76/ 


118/ 

104/ 

86/ 

80/ 

74' 
70/ 
70/ 
68/ 

66/ 
69/ 

78/ 


li4g 

172g 

iiol 

921 

861 

78' 
74' 
73' 
70I 

66/ 
70J 
78' 


II45' 
164^ 
112/ 
92/ 

87' 
78/ 
76/ 

74' 
70/ 

66/ 

70/ 
78/ 


89^ 
985' 
loyg 
1325' 
160/ 

110/ 
96/ 
90/ 
82/ 
78/ 

77' 
74' 
81/ 


88^ 

985' 

1075' 

128^ 

1965 

112/ 
98/ 
92/ 
84' 
78/ 

77' 
74' 
81/ 


LATITUDE AND DECLINATION OF CONTRARY NAME. | 


2 


Declination. 


> 


1 

u 


a! 


1 


^.1 


1 


•c 
1 


1 




•3^ 

n 


.3 
1 


€P 


6*> 


IV 


atf 


ZOP 




5 

10 

15 
20 

25 

30 
35 
40 

45 
50 

55 
60 

65 
70 

75 

80 
85 


M. 

ion 
20 n 
29/ 
30/ 
30/ 

32/ 
36^ 
38/ 
39^ 
40/ 

40/ 
43^ 
45/ 
,Sl 
52 1 

57 i 
66/ 


M. 
20 » 
30 » 

40/ 
40/ 
36/ 

36/ 
37' 
38/ 
391 

40i 

42» 

44' 
46i 
49/ 
53' 

57 1 


M. 

29 » 
40 » 
40/ 
40/ 

40.- 

40| 
402 
40I 
42; 
43' 

44' 
45' 
46^ 

51' 
54' 


M. 

46# 
61 » 

54' 
50/ 
48/ 

46; 

45' 
45' 
,61 

47' 

48/ 
48J 
49' 

• • 


M. 

52^ 

yog 

gyn 
65/ 
56/ 

53{ 

52 

52 

52 

52^ 

52/ 


M. 

60^ 
72^ 

94/? 
94/ 
72/ 

65/ 
65/ 
60/ 
55' 


M. 

62g 

6Sg 

S2g 

120^ 
96/ 

78/ 
72/ 

•• 


M. 
62^ 

68^ 
78^ 

EOO^ 
120/ 

84/ 
76/ 


M. 
645' 

7^g 

79g 

945' 

1335' 

102/ 


M. 

66^ 

705' 

Sog 

SSg 

104^ 

•• 
•• 

•* 


M. 

68^^ 
705^ 
77g 
^9g 

lOOg 


M. 

67^ 
705' 
76/? 
80^ 
96^ 

•• 


M. 

68^ 
725' 
775' 
835^ 

•• 


M. 

68^ 

745' 
78^ 
845' 

•• 
•• 


M. 

725^ 

755' 
795^ 


M. 

725' 
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Table showing the Hour-angle Limits within which the Error of the Reduction 
calculated by Ex-meridian Table No. 2 will not exceed 0'-5. 



LATITUDE AND DECLINATION OF SAME* NAME. | 


1 


Declination. 1 


1 


6 


1 





1! 


•S 


§ 






1 


1 




1 

-< 


V 


J° 


10° 


VP 


80° 


o 
o 

5 

lO 

15 

20 

25 
30 

35 
40 

45 

50 
55 
60 

65 
70 

75 
80 

85 


M. 

e'n 

lOl 

15' 
18J 

22I 

30 
3il 

34' 

36/ 

39 

43' 

47' 

51' 
57' 
661 


M. 

611 

6*» 
10/ 
15' 

19' 

22 { 
24' 
27/ 
30' 

33' 
36' 
38' 

42) 

46; 

50' 
56' 

66; 


M. 

11/ 

6n 
6k 

12/ 

16/ 
19/ 
22/ 

25' 
28/ 

30' 

33' 
36' 
41/ 
45' 

50' 
55' 
66/ 


M. 

19I 

16/ 

10/ 

7/ 

11/ 
16/ 
19/ 
22/ 

25/ 
28/ 
34/ 
38/ 
42/ 

47/ 

54^ 
66/ 


M. 

28/ 
24/ 
20/ 
16 i 
12/ 

7' 

7' 
12/ 
16/ 

20/ 

24' 
28/ 

35' 
40/ 

46/ 

52' 
64/ 


M. 

38' 
36' 
32' 
26/ 
20/ 

Hi 
13/ 

<io/ 

16/ 
22/ 
26/ 
32' 
37' 

43' 
51' 
64/ 


M. 

49' 
45' 
40/ 
38/ 
35' 

30/ 
24' 
16/ 
10/ 

9' 
15' 
22/ 
28/ 
34' 

41' 
50/ 
63' 


M. 

55' 
52' 
50' 
47' 
44' 

38' 
30' 
25' 
17/ 

10/ 
18/ 
25' 
32' 

39' 
49' 
62/ 


M. 

65' 
56/ 

54' 
52' 
48/ 

44' 
37 
30' 
24/ 
.15' 

14/ 
23/ 
30/ 

37' 
48/ 
62/ 


M. 

91' 
90/ 
85/ 
80/ 
72/ 

58' 
50/ 
42/ 
32' 
25' 

15' 

9' 
19' 
27/ 

36' 
47/ 
61/ 


M. 
126/ 

i2on 

Ii3» 

io6» 

98« 

65' 
56/ 

44' 
36' 
27' 

18/ 

17/ 
25/ 

34' 
46/ 
61/ 


M. 

107^ 
100^ 

945^ 
90^ 
90^ 

94^ 
96n 

74/ 
50/ 

36/ 

22/ 
15^ 

13/ 
23/ 

32/ 

44/ 
60/ 


M. 

965- 
84? 

82^ 
S2g 

79g 

81^ 
83? 
98«' 
62/ 

42/ 

20/ 

2l'l 
30' 

43' 
59' 


M. 

95g 

S2g 

8og 

S2g 

78g 

!'«" 
83«' 

99g 

64' 

42/ 

3'' 
21/ 

2l'l 

30/ 

43' 
59' 


M. 

82^ 
80^ 
76^ 

7Ag 
72^ 

70?- 
6Sg 
66^ 
66^ 
681^ 

845 
54/ 
33^ 

20/ 
391 

57^ 


M. 

82^ 
80^ 

7^g 
72g 

7^g 

6%g 
6Sg 

e6g 
eeg 
67^ 

78-? 
60/ 

35^ 

20/ 

37^ 
56/ 


INFERIOR TRANSIT. | 


NOTE. 

g signifies true redaction is 
greater than tabular 
reduction. 

/ signifies that true reduc- 
tion is less than tabular 
reduction. 

» signifies that there is no 
error as great as o''5 
within limits of hour- 
angle which give A ± 
B greater than 3'ooo. 


Lat.25 
30 
35 
40 

45 

50 
55 
60 

65 
70 

11 
85 


53' 
52' 
54' 
56' 

58' 
60/ 
72/ 


56' 

56/ 
57' 
57' 
58' 
60/ 

62/ 

64' 
72/ 


58/ 
58' 

60/ 
60/ 
59' 
59' 
62/ 

62/ 
1 64/ 
i 74/ 


62'/ 
62/ 

61/ 
62/ 
62/ 
62/ 
62/ 

64/ 
67/ 
75' 


1 

72/ 

68/ 
68/ 

67/ 
66/ 
64/ 
64/ 
64/ 

64/ 

67/ 
75' 


74'' 

71 

70/ 

69' 
67' 
66/ 
66/ 
64/ 

64/ 
67/ 
76/ 


80 i 
77/ 
74^ 

71/ 
69/ 

68/ 
68/ 
66/ 

66/ 
69/ 
78/ 


1 

9^/ 
84/ 
80/ 
76/ 

75' 
73' 
71/ 
70/ 
68/ 

66/ 
70/ 
78/ 


92/ 
85/ 
80/ 
78/ 

76/ 

73' 
71/ 
69/ 
68/ 

66/ 
70/ 
78/ 


1055' 
1400' 
170/ 
120/ 
100/ 

92/ 
82/ 
80/ 
78/ 
74^ 

77( 


100^ 

115^ 
160;? 
140/ 
110/ 

96/ 

86/ 
84/ 
82/ 
78/ 

77/ 
74/ 
81/ 


LATITUDE AND DECLINATION OF CONTRARY NAME. 


1 
2 


Declination. 


1 










11 


< 


1 


3 
Q 


.id ^% 

« St 

B SI 


en 
CO. 


0» 


6° 


10° 


200 , 30° 




5 
10 

15 
20 

25 

30 
35 
40 

45 
50 

55 
60 

65 
70 

75 

80 

85 


M. 

6» 
10/ 

15' 
t8/ 
22/ 

25' 

27 

30' 

32' 

34' 

36/ 
39' 

^^{ 
47 

52 1 

57 1 
66/ 


M. 

10/ 

19/ 
23' 
26/ 

28/ 

30' 

32' 

33' 
34' 

36' 
39' 
45' 
48/ 

53' 

57' 

1 •• 


M. 

16/ 

19' 
22/ 
25/ 
28/ 

32' 

34 

35' 

36' 

38' 

40/ 
44; 
46/ 
49/ 
54' 


M. 

23/ 
26/ 
29/ 
32/ 

34^ 

36/ 

38/ 

39 

40* 

42/ 

44/ 
46/ 
50/ 


M. 

28/ 
32' 
36' 
38' 
40/ 

42/ 
44/ 
46/ 
48/ 
50/ 

52/ 


M. 

40/ 

44 

45' 

46/ 

47' 

48/ 
48/ 
50' 
52/ 


M. 
50/ 
56/ 

56' 
56/ 

56' 

56' 
56/ 


M. 
60/ 
60/ 

6qI 
60 1 
60I 

60 1 
60/ 


M. 

62/ 

62/ 

63' 

64/ 
64/ 

64/ 


M. 

84/ 
80/ 
77; 

75^ 
72/ 

70/ 


M. 

106/ 

92/ 

84/ 

74^ 
84/ 


M. 

I20g 

154/? 

114/ 

96/ 

88/ 

.. 


M. 
100^ 
120^ 
152^ 
136/ 


M. 
106^ 
1205^ 

128/ 

1 


M. 
84^ 

90g 
100 g 

:; 

1 


M. 

84? 

8og 
¥>g 
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Ex-Meridian Table No. 2. 

Snowing the Reduction at z min. from the Meridian corresponding to the A and B Corrections 
given on Pages 6 to 27 of this Work. 



AiandB 


Reduc- 


AandB 


Reduc- 


AandB 


Reduc- 


AandB 


Reduc-I AandB 


Reduc- 


AandB 


Reduc- 


AandB 


Reduc- 


Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. 


1 
300 


2-500 


370 


a-027 


4*40 


X-705 


5*'lO 


1-471 


5*'8o 


1-293 


6-50 


x-154 


7*20 


1 
I 042 


3OX 


a-492 


371 


2*022 


4-41 


1-701 


5-" 


X-468 


5-8x 


X291 


6-5X 


X152 


7-21 


X-040 


yoz 


2-483 


372 


2*0l6 


4-42 


X697 


5-12 


1-465 


5*82 


X-289 


6*52 


X150 


7-22 


X039 


303 


2*475 


373 


2*011 


4*43 


1*693 


5*13 


1*462 


5*23 


x-286 


6*53 


1*148 


7-23 


X-037 


304 


2-467 


374 


2*005 


4*44 


1-689 


5-14 


1-459 


5-84 


x-284 


6*54 


X147 


7-24 


X036 


305 


2*459 


375 


2*000 


4*45 


1-685 


5-15 


1-456 


585 


1-282 


6*55 


X145 


7*25 


1-034 


306 


2-451 


376 


1*995 


446 


1-682 


5-16 


1-453 


5-86 


x*28o 


656 


X143 


7*26 


1033 


307 


2*443 


377 


1*989 


4*47 


1-678 


5-17 


1-451 


5-87 


x-278 


6*57 


I -142 


7-27 


1-032 


308 


2*435 


378 


1*984 


448 


1*674 


5-18 


1-448 


5-88 


X276 


6*58 


X140 


7*28 


1-030 


309 


2*427 


379 


1*979 


4'49 


1*670 


5- 19 


1*445 


5-89 


1*273 


6*59 


I 138 


7*29 


I 029 


310 


2*4x9 


3*80 


1-974 


4'50 


1*667 


5'20 


1*442 


5*90 


I-27X 


6*60 


1136 


7-30 


I -027 


311 


2*412 


3-8i 


1*969 


4*51 


1*663 


5-21 


1*440 


5-91 


1*269 


6*6i 


1*135 


7-31 


I 026 


312 


2-404 


3*82 


1963 


452 


1*659 


5*22 


1-437 


5-92 


1*267 


662 


X133 


7-32 


1*025 


313 


2-396 


383 


' 1*958 


453 


1*655 


523 


1*434 


5*93 


1-265 


6-63 


1131 


7'33 


1023 


314 


2-389 


384 


I "953 


4'54 


1*652 


5-24 


1-431 


5-94 


1*263 


6-64 


1-130 


7-34 


1022 


315 


2-381 


385 


1-948 


4*55 


1-648 


5*25 


1-429 


5-95 


1*261 


6-65 


1-128 


7-35 


I 020 


316 


2*373 


3-86 


I 943 


456 


1-645 


5-26 


1*426 


596 


1-258 


6-66 


1126 


7-36 


I 019 


317 


2366 


387 


1-938 


4*57 


I -641 


5-27 


1*423 


5*97 


1-256 


6-67 


1124 


7-37 


I-018 


318 


2*358 


3-88 


1*933 


4*58 


1-638 


5-28 


X'420 


5-98 


1-254 


6-68 


1123 


7-38 


1016 


319 


2-351 


389 


1-928 


4*59 


1-634 


5-29 


x*4i8 


5-99 


1*252 


669 


1121 


7-39 


1015 


320 


2*344 


390 


1-923 


4*60 


1-630 


530 


1*4x5 


6*oo 


1*250 


6*70 


1*119 


740 


1014 


321 


2336 


3-91 


1-918 


4-61 


1-627 


5-31 


1*412 


601 


1*248 


6-71 


1118 


7-41 


1012 


322 


2-329 


3-92 


1-913 


4-62 


1-623 


532 


1-410 


6-02 


1-246 


6-72 


I-I16 


742 


i-oii 


323 


2322 


393 


1-908 


463 


1-620 


5-33 


1*407 


6;o3 


1*244 


6-73 


1*114 


743 


1009 


324 


2-315 


394 


1-904 


4-64 


1-616 


5*34 


1-404 


6-04 


1-242 


6-74 


XI13 


7*44 


1-008 


325 


2-308 


395 


1-899 


4-65 


1*613 


535 


1-402 


605 


1-240 


6-75 


IXII 


745 


I -007 


326 


2-301 


396 


I 894 


4-66 


1-609 


536 


1-399 


606 


1*238 


676 


X109 


746 


1-005 


327 


2294 


397 


1-889 


467 


1-606 


5-37 


1-397 


6*07 


1*236 


6*77 


I -108 


747 


1-004 


3-28 


2-287 


398 


1-884 


4*68 


1-603 


5-38 


1-394 


6*08 


1*234 


678 


I 106 


748 


x*oo3 


329 


2-280 


3*99 


1-880 


469 


1*599 


5-39 


1-391 


6-09 


x-232 


6*79 


X105 


749 


i-ooi 


330 


2273 


400 


1:875 


470 


1-596 


5-40 


1*389 


6*10 


1*230 


6-80 


I -103 


750 


1000 


331 


2-266 


401 


1-870 


471 


1-592 


5-41 


1*386 


6*11 


x-227 


6*81 


1*101 


7*51 


-999 


332 


2-259 


402 


1-866 


4-72 


1-589 


5-42 


1-384 


6*12 


x-225 


6-82 


IIOO 


7-52 


•997 


333 


•2-252 


403 


I -861 


473 


1*586 


5*43 


1*381 


613 


X223 


6-83 


1098 


753 


•996 


334 


2-246 


404 


1-856 


474 


1-582 


5*44 


1-379 


6*14 


1*221 


6*84 


1096 


7-54 


•995 


335 


2239 


4-05 


1-852 


475 


1-579 


5*45 


1*376 


6*15 


X*220 


6*85 


1095 


7-55 


•993 


336 


2232 


406 


1-847 


476 


1-576 


5-46 


1-374 


616 


X*2l8 


6*86 


1093 


756 


•992 


337 


2226 


4-07 


1-843 


477 


1-572 


5-47 


1-371 


6*17 


X*2l6 


687 


I -092 


7-57 


•991 


338 


2-219 


408 


1-838 


478 


1-569 


5*48 


1-369 


6-18 


1*214 


6-88 


1090 


7-58 


■989 


339 


2-2T2 


409 


1-834 


479 


1-566 


5-49 


I 366 


6*19 


1*212 


689 


I 089 


7*59 


-988 


340 


2-206 


410 


1-829 


480 


1-563 


5-50 


I 364 


6-20 


I*2IO 


6- 90 


I 087 


7-60 


-9S7 


341 


2-199 


4-n 


1825 


4-81 


1-559 


5-51 


1-361 


6-21 


1-208 


6-91 


1085 


7-6X 


•986 


342 


2-193 


4-12 


1*820 


4-82 


1-556 


5-52 


1-359 


6-22 


I 206 


692 


1-084 


762 


-984 


3*43 


2-187 


4-13 


1-816 


483 


1-553 


553 


1-356 


623 


1-204 


6-93 


I 082 


7-63 


•983 


344 


2-180 


4-14 


1-812 


484 


1-550 


5*54 


1*354 


6-24 


X*202 


6*94 


1 081 


7-64 


•982 


345 


2-174 


4*15 


1*807 


485 


1*546 


5-55 


1*351 


6-25 


I-200 


6*95 


1*079 


7-65 


-980 


346 


2-168 


4-16 


1-803 


4*86 


1-543 


5-56 


1-349 


6-26 


II98 


696 


I 078 


7*66 


-979 


3*47 


2-i6i 


417 


1-799 


487 


1-540 


5-57 


1-346 


627 


1-196 


6*97 


1-076 


7-67 


978 


348 


2*155 


4-18 


1794 


4-88 


1-537 


558 


1-344 


6*28 


I 194 


698 


1074 


7-68 


-977 


349 


2-149 


4-19 


1-790 


489 


1-534 


5-59 


1-342 


6*29 


1-192 


6-99 


1-073 


769 


•975 


350 


2*143 


420 


1-786 


490 


1-531 


5*6o 


1*339 


6-30 


t-190 


7-00 


1071 


770 


•974 


3-51 


2-137 


4-21 


1-781 


4-91 


1-527 


5-6i 


1-337 


6*31 


1-189 


701 


1070 


7-71 


•973 


352 


2-131 


4-22 


1-777 


492 


1-524 


5-62 


I 335 


6-32 


1-187 


7-02 


1-068 


7-72 


•972 


353 


2-125 


4-23 


1773 


493 


1521 


5-63 


1-332 


6*33 


1*185 


703 


1-067 


7-73 


970 


354 


2-119 


4-24 


1-769 


494 


1518 


5-64 


1-330 


6*34 


1X83 


7-04 


1-065 


774 


-969 


355 


2-113 


425 


I 765 


4 95 


1-515 


565 


1-327 


6*35 


i*i8i 


705 


1064 


775 


-968 


356 


2-107 


4*26 


1-761 


496 


1-512 


5*66 


1-325 


636 


1*179 


706 


1-062 


776 


-966 


357 


2-101 


4-27 


1-756 


497 


1-509 


567 


1*323 


6*37 


1*177 


7-07 


I-06I 


7-77 


-965 


358 


2-095 


4-28 


1*752 


498 


1*506 


5-68 


I 320 


6*38 


1-176 


708 


1-059 


7-78 


•964 


3'59 


2 089 


4-29 


1-748 


499 


1*503 


569 


1*318 


6*39 


1*174 


7-09 


I 058 


7-79 


•963 


360 


2083 


430 


1744 


5-00 


1-500 


5-70 


1*316 


6*40 


1-172 


7*10 


1*056 


7-80 


-962 


3-61 


2078 


431 


1-740 


5-01 


1-497 


571 


1-313 


6-41 


1-170 


7*11 


1-055 


7-81 


-960 


362 


2 072 


432 


1-736 


5-02 


1*494 


572 


1311 


6*42 


I -168 


7-12 


1053 


7*82 


•959 


363 


2066 


433 


1732 


5-03 


1-491 


5*73 


1-309 


6*43 


1-166 


7*13 


I 052 


7-83 


958 


364 


2 060 


4'34 


1*728 


5-04 


1-488 


5*74 


1-307 


6*44 


1-165 


7-14 


1*050 


7*84 


957 


365 


2055 


4'35 


1-724 


5-05 


1*485 


5-75 


1*304 


6*45 


1*163 


7-15 


1-049 


7-85 


•955 


3-66 


2049 


4-36 


1*720 


5-06 


1-482 


5*76 


1-302 


6-46 


i-i6i 


7-16 


1-047 


7-86 


•954 


367 


2-044 


4*37 


1*716 


5-07 


1*479 


5'77 


1-300 


6-47 


1*159 


7-17 


1046 j 787 


•953 


3-68 


2 038 


4-38 


1712 


5-o8 


1-476 


5-78 


1-298 


648 


1-157 


7*18 


I 045 1 7-88 


•952 


3-69 


2-033 


4*39 * 


1*708 


509 


1-473 


5*79 


1-295 


6-49 


1156 


7-19 


1-043 1 7-89 


•951 
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Ez-Mf3ridian Table No. 2. 

Showing the Redaction at z min. from the Meridian corresponding to the A and B Corrections 
given on Pages 6 to 27 of this Work. 



A and b' 


Reduc- 


AandB 


Reduc 


AandB 


Reduc- 


AandB 


Reduc- A and B 


Reduc- 


AandB 


Reduc- 


AandB 


Reduc- 


Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. Cor. 


tion. 


Cor. 


tion. 


Cor. 


tion. 


790 


•949 


1 
9'20 


•8i5 


1 
io-6o 


•708 


1 
12-00 


•6^25 


1 
1900 


•395 


2600 


•288 


780 


-0^6 


791 


-948 


9*22 


V^ 


1062 


•706 


I2IO 


•620 


1910 


•393 


26-10 


-287 


790 


095 


792 


•947 


924 


•812 


1064 


•705 


1220 


-615 


1920 


•391 


26-20 


•286 


80-0 


•094 


7*93 


•946 


9*26 


-810 


10-66 


-704 


12-30 


-610 


19*30 


'389 


26-30 


•285 


81-0 


093 


794 


•945 


9*28 


•808 


10-68 


•702 


12*40 


-605 


19-40 


•387 


26-40 


-284 


820 


091 


795 


•943 


930 


-806 


10-70 


•701 


12-50 


•600 


19-50 


.•385 


26-50 


•283 


83-0 


-090 


796 


•942 


932 


-805 


10-72 


-700 


12-60 


•595 


1960 


-383 


26-60 


•282 


84-0 


089 


7*97 


•941 


9*34 


•803 


10-74 


•698 


12-70 


-591 


19-70 


•381 


26-70 


•281 


850 


*o88 


798 


•940 


936 


•801 


10-76 


•697 


12-80 


•586 


19 80 


•379 


26-80 


•280 


86-0 


-087 


7-99 


•939 


938 


•800 


10-78 


•696 


12-90 


-581 


1990 


•377 


26-90 


•279 


87-0 


•086 


800 


•938 


940 


•798 


10-80 


•694 


1300 


•577 


20'00 


•375 


27-00 


•278 


880 


-085 


802 


•935 


942 


-796 


10-82 


•693 


13*10 


•573 


20-I0 


*373 


27-10 


•277 


890 


•084 


804 


•933 


9*44 


•794 


10-84 


-692 


13-20 


•568 


20-20 


•371 


27-20 


•276 


90-0 


-083 


806 


•931 


946 


•793 


IO-86 


•691 


13-30 


•564 


20-30 


•369 


27-30 


-275 


91-0 


-082 


808 


•928 


948 


-791 


IO-88 


-689 


13-40 


-560 


20-40 


•368 


27-40 


•274 


92-0 


-082 


8- 10 


•926 


950 


-789 


10-90 


-688 


1350 


•556 


20-50 


•366 


27-50 


-273 


93*0 


*o8i 


8-ia 


•924 


952 


-788 


10-92 


•687 


13-60 


•551 


2060 


-364 


2760 


•272 


94-0 


-080 


8-14 


•921 


9*54 


786 


IO-94 


•686 


1370 


•547 


2070 


•362 


27-70 


-271 


950 


-079 


816 


•919 


9-56 


785 


10-96 


•684 


1380 


■543 


20 80 


•361 


27-80 


-270 


960 


-078 


8-i8 


•917 


958 


•783 


1098 


-683 


13-90 


•540 


2090 


*359 


27-90 


•269 


970 


-077 


8- 20 


•915 


9-60 


•781 


1 1 00 


-682 


1400 


-536 


21^00 


•357 


280 


•268 


980 


-077 


8-22 


•912 


9-62 


•780 


1 1 -02 


-681 


14-10 


-532 


21-10 


•355 


290 


-259 


99-0 


-076 


8-24 


•910 


964 


•778 


H04 


•679 


14*20 


•528 


21-20 


•354 


300 


•250 


loo-o 


-075 


8-26 


•908 


966 


776 


IK06 


•678 


14-30 


-524 


21-30 


•352 


3IO 


-242 


iio-o 


•068 


828 


•906 


9-68 


■775 


11-08 


•677 


14-40 


-521 


21-40 


•350 


320 


-234 


1200 


-063 


830 


•904 


970 


•773 


II 'lO 


•676 


14-50 


•517 


21-50 


'349 


33*0 


•227 


130-0 


•058 


8-32 


•901 


97a 


•772 


1112 


•674 


14-60 


•514 


21-60 


•347 


340 


-221 


140-0 


-054 


8-34 


•899 


974 


•770 


11-14 


•673 


14-70 


•510 


21-70 


*346 


350 


•214 


1500 


•050 


I'^t 


•897 


976 


-768 


1116 


-672 


14-80 


-507 


2180 


•344 


360 


-208 


1600 


•047 


8-38 


•895 


978 


-767 


iri8 


•671 


1490 


•503 


21-90 


-342 


37*0 


•203 


1700 


-044 


840 


•893 


980 


•765 


H'20 


-670 


15-00 


•500 


2200 


•341 


380 


-199 


1800 


-042 


8-42 


•891 


982 


-764 


H-22 


•668 


I5IO 


•497 


22-10 


•339 


39-0 


-192 


1900 


-039 


8-44 


•889 


984 


-762 


11-24 


-667 


15*20 


•493 


22 20 


•338 


400 


•188 


200-0 


-038 


8-46 


l!^ 


9-86 


761 


11-26 


•666 


15-30 


•490 


22-30 


•336 


41-0 


•183 


210-0 


•036 


8-48 


•884 


988 


•759 


.II-28 


•665 


1540 


-487 


22-40 


*335 


42-0 


-179 


2200 


•034 


850 


•882 


990 


•758 


11-30 


-664 


15-50 


-484 


22-50 


•333 


43-0 


•174 


2300 


033 


8-52 


•880 


992 


•756 


11-32 


•663 


1560 


-481 


2260 


*332 


44-0 


-170 


2400 


-031 


8-54 


•878 


9*94 


•755 


"•34 


•661 


1570 


-478 


2270 


330 


45-0 


-167 


250-0 


-030 


8-56 


•876 


996 


•753 


II36 


-660 


1580 


•475 


22 80 


•329 


460 


•163 


260-0 


-029 


858 


•874 


998 


•752 


11-38 


•659 


15-90 


•472 


2290 


•328 


47-0 


•160 


270 


•028 


860 


•872 


lO'OO 


•750 


11-40 


•658 


16*00 


•469 


23-00 


•326 


48-0 


-156 


2800 


-027 


8-62 


•870 


IO-02 


•749 


1142 


•657 


l6io 


•466 


2310 


•325 


490 


•153 


290-0 


-026 


8-64 


•868 


1004 


•747 


11-44 


•656 


16-20 


■463 


23-20 


•323 


50-0 


-150 


3000 


-025 


8-66 


•866 


10 06 


-746 


1146 


•654 


16-30 


-460 


23*30 


•322 


5I-0 


•147 


310-0 


-024 


8-68 


•864 


1008 


•744 


11-48 


•653 


1640 


•457 


2340 


•321 


52-0 


-144 


320*0 


•023 


870 


•862 


10- 10 


743 


11-50 


-652 


16-50 


•455 


2350 


*3i9 


53*0 


•142 


340*0 


•022 


872 


•860 


10*12 


741 


11-52 


-651 


1660 


•452 


23-60 


•318 


540 


-139 


360-0 


•021 


874 


•858 


io^i4 


740 


11-54 


-650 


1670 


*449 


2370 


•316 


55*0 


•136 


380-0 


-020 


876 


•856 


io*i6 


738 


11-56 


-649 


1680 


-446 


23-80 


•315 


560 


•134 


400-0 


-019 


878 


•854 


IOI8 


737 


11-58 


•648 


16-90 


•444 


2390 


-314 


57*0 


-132 


420-0 


-018 


8-8o 


•852 


IO-20 


735 


11-60 


•647 


17 00 


•441 


2400 


•313 


58-0 


-129 


4400 


-017 


882 


•850 


IO-22 


734 


11-62 


645 


17-10 


•439 


24 lO 


•311 


59-0 


•127 


460 


•016 


I'li 


•848 


10-24 


732 


11-64 


-644 


17-20 


-436 


24-20 


•310 


60*0 


-125 


480*0 


•016 


8-86 


•847 


1026 


731 


11-66 


•643 


17-30 


•434 


2430 


•309 


61-0 


-123 


500-0 


-015 


8-88 


•845 


10-28 


730 


11-68 


•642 


17-40 


•431 


24-40 


-307 


62-0 


-121 


520-0 


-014 


890 


•843 


10-30 


-728 


11-70 


•641 


17-50 


-429 


2450 


•306 


63-0 


•119 


540-0 


-014 


892 


•841 


10-32 


-727 


11-72 


•640 


1760 


-426 


24-60 


•305 


64-0 


-117 


560- 


013 


8-94 


•839 


IO-34 


•725 


11-74 


•639 


17-70 


•424 


2470 


•304 


65-0 


-115 


580-0 


•013 


896 


•837 


16-36 


•724 


1^76 


638 


17-80 


•421 


24-80 


•302 


66-0 


•114 


600-0 


-013 


898 


•835 


10-38 


•723 


11-78 


•637 


1790 


•419 


24-90 


•301 


67-0 


-112 


650-0 


-012 


9 00 


•833 


10-40 


•721 


11-80 


•636 


18-00 


•417 


2500 


•300 


68-0 


•110 


7000 


-on 


9' 02 


•831 


10-42 


•720 


11-82 


•635 


18-10 


-414 


2510 


•299 


69-0 


-109 


7500 


-010 


904 


•830 


10-44 


718 


11-84 


•633 


18-20 


•412 


25 20 


•298 


70-0 


-107 


800 -o 


-009 


906 


828 


10-46 


717 


11-86 


•632 


18-30 


-410 


25*30 


•296 


71-0 


*io6 


900-0 


-008 


908 


•826 


10-48 


716 


11-88 


-631 


1840 


-408 


25*40 


-295 


72-0 


-104 


lOOO'O 


-008 


9- 10 


•824 


10-50 


714 


11-90 


•630 


18-50 


•405 


25-50 


-294 


73-0 


•103 


1200-0 


-006 


912 


•822 


10-52 


713 


11-92 


•629 


18-60 


•403 


25-60 


•293 


74*0 


-lOI 


15000 


•005 


914 


•821 


10-54 


-712 


11-94 


-628 


18-70 


•401 


25-70 


•292 


75*0 


-100 


2000-0 


•004 


9-16 


•819 


10-56 


710 


11-96 


•627 


18-80 


•399 


25 80 


•291 


76-0 


•099 


2500-0 


-003 


918 


•817 


10-58 


•709 


11-98 


•626 


18-90 


•397 


25-90 


•290 


77-0 


-097 


3000-0 


•003 



jn 



Reduction to the Meridian and Azimuth Table near the Meridian below the Pole. 

•X- VEOA. 



Lat. 


m. 

4 


[T 


m. 
U 


m. 
16 


m. 1 m. 
ao 1 84 


s 


1 m. 
88 


1 m. 
1 30 


1 m. 1 lil. 
1 38 1 3A 


m. 
36 


m. 
88 


m. 
40 


m. 
48 


si 








Reductions. 1 


54 
56 
58 


0-2 
0*2 
0*2 


1 
10 

09 
09 


t 

2*2 
2'I 
2'0 


< 
3-8 
37 
3*5 


60 
57 
5*4 


8-6 
8-2 
7-8 


lo-i 
97 

9'2 


"•8 13-5 

II'2 j 12*9 
107 ^ 12-3 


15-4 
147 
139 


17-4 
165 
157 


19-4 
i8-5 
176 


217 
207 
19*6 


24-0 

229 
21-8 


26-5 
252 
240 


290 

277 
263 


60 
62 
64 


0-2 
0-2 
0*2 


0-8 
0-8 
07 


1-9 
1-8 

17 


33 
3*1 

2*9 


52 
4'9 
4-6 


74 
70 
6-6 


87 
8-2 

77 


lo-i II-6 
9'6 ii-o 
90 10-3 


132 
12-5 

117 


14-9 
14-1 
133 


;?5 

14-9 


i8-6 
17-6 
i6-6 


206 
19-5 
i8-3 


227 

21-5 
202 


25-0 
236 

22-2 








Azimuths. | 


• 

54 
56 
58 


0^8 
0-8 
0-8 


x-6 
1-6 
1-6 


• 

2-3 

2*3 
2'3 


• 
3-1 

31 
31 


• 

39 
39 
3*9 


• 

47 
47 
47 


e 

5-1 
5"i 
51 




5*5 
5-5 
5-5 


e 

5*9 
59 
59 


6% 

6-3 
6-3 


6^6 
67 
67 


Q 

7-0 
70 
7-1 




74 
7-4 
75 


71 
7-8 




8-2 
8-2 
8-2 


8-6 
8-6 
8-6 


60 
62 
64 


08 
0-8 
08 


1-6 
1-6 
1-6 


2*4 

24 

2-4 


32 
32 
3-2 


40 
40 
40 


47 
4-8 
4-8 


5*1 
5*2 
52 


5"5 
56 
5-6 


59 
60 
6-0 


6-3 
6-4 
6-4 


67 
67 
6-8 


7'i 
7*1 
7-2 


7-5 
7*5 
7-6 


7'9 
79 
80 


8-3 
8-3 
8-4 


8-7 
87 
8-8 


1 


Lat. 


m. 
45 


m. 
46 


m. 
47 


m. 
48 


m. 1 m. 
49 1 50 


m. 
51 


m. 
58 


m. 
53 


m. 1 m. t m, 
M 1 55 66 


in. 
57 


1 m. 1 m. 
1 58 1 59 


1 - 








Reductions. 1 


• 

54 
55 
56 
57 


303 
296 
289 
282 


317 
3I-0 
302 
295 


33-1 

323 
316 

308 


34*5 
337 
329 
321 


360 
351 
343 
335 


37*4 
366 

357 
34-8 


38-9 
38-0 

36-2 


40-5 

395 
38-6 

377 


42-0 

41-1 
401 
391 


43-6 
426 
416 

406 


45*3 
44-2 
43-2 
42-1 


46-9 
45-8 
447 
43-6 


486 
47*5 
463 
45*2 


503 
49-1 
48-0 
46-8 


521 
508 
496 
484 


53-8 
52-6 

513 
50- 1 


58 
59 
60 
61 


27-5 
26-8 
26- 1 
25*4 


28-8 
280 

27*3 
26-5 


30*0 

292 

28-5 
277 


31-3 
305 
297 
289 


32-6 
318 
309 
301 


339 
331 
322 

31-3 


353 
344 
335 
326 


367 
35-8 
34-8 
33-8 


381 
372 
362 
352 


39-6 
386 
375 
36-5 


4I-I 
400 
389 
37-8 


426 

41-5 
403 
39.2 


44-1 
429 
41-8 
40*6 


456 
445 
43*3 
42- 1 


472 
460 
44-8 
435 


48-8 
47-6 
463 
450 


62 

63 
64 


247 

239 
232 


25-8 
250 
242 


269 
261 
253 


280 
272 
264 


292 
28-3 
275 


304 
295 
286 


316 
307 
29-8 


329 
31-9 
309 


34-2 

331 
32-1 


35-5 
34*4 
33*4 


368 

357 
34-6 


38-1 
370 
359 


395 
38-3 
37*1 


409 
397 
384 


423 
41-0 
39-8 


437 
424 
411 








Azimuths. f 


• 

54 
56 
58 


8-8 
8-8 
8-8 


• 

90 
90 
90 


9-2 

92 
92 


• 

94 
9*4 
94 


• 

9*5 
95 
9-6 


• 

97 
97 
9-8 



9'9 

lO'O 
10*0 


e 
lOI 
IO-2 
IO-2 


103 
104 
10-4 


io°5 

IO-5 
IO-6 


107 
107 
IO-8 



109 
10-9 

II'O 


• 
III 

III 

II"2 


e 

ii'3 
II-3 
II-4 



115 
II-5 
11-6 



117 
117 
11-8 


60 
62 
64 


8-9 
8-9 
90 


91 
91 
92 


93 
93 
94 


95 
95 
9-6 


97 
97 
9-8 


99 

9'9 

100 


100 

lOI 
I0'2 


IO-2 

io'3 
IO-4 


104 
105 
IO-6 


IO-6 
107 
IO-8 


IO-8 
10-9 
ii-o 


no 
III 

11-2 


II-2 

ii'3 
II-4 


114 
II-5 
II-6 


II-6 
117 
II-8 


11-8 
II-9 
120 


Lat. 






1 HOUR. 

m. 1 m. m. 1 m. m. 1 m. 
4 1 5 6 1 7 8 19 






m. 



m. 

1 


m. 
8 


m. 
8 


m. m. 
10 11 


m. m. m. m. 
18 13 14 15 








Reductions. 1 


• 

54 

55 

56. 

57 


53-8 
526 
51*3 
501 


55-6 
543 
53-1 
51-8 


57'5 
561 

54-8 
535 


593 
57*9 
566 
552 


6i-2 
59-8 

584 
569 


631 
6i-6 
602 
587 


650 

635 
620 
605 


67-0 
655 
639 
62-4 


690 

674 
658 
642 


7I-I 

694 
678 
66- 1 


731 
71-4 
697 
680 


75*2 
73*5 
717 
700 


77-3 
75-5 
737 
720 


79-5 
77-6 
75-8 
740 


1 
8i-6 
79-8 
77*9 
760 


83-8 
8i'9 
8o-o 
78-0 


58 
59 
60 
61 


48-8 
47-6 

463 
450 


50-5 
49-2 
47-8 
465 


521 
50-8 

49*4 
48-1 


53-8 
52-4 
510 
496 


55-5 
54' I 
526 
512 


57*3 
55-8 
543 
52-8 


59-0 
57'5 
559 
54'4 


6o-8 
59*2 

577 
56-1 


626 
6i*o 
59'4 
577 


64-5 
628 
6i-i 
594 


66-3 
646 
629 
612 


68-2 
66-5 
647 
629 


70*2 
68*3 
66-5 
647 


72-1 

70-2 
68-4 
66-5 


74-1 
72-1 
70-2 
68-3 


761 

74-1 
72-1 
70*2 


62 
63 
64 


437 
425 
411 


45-2 
43*9 
425 


467 
45*3 
439 


482 
46-8 
45*3 


497 
482 
468 


513 
49-8 
48-2 


529 
51-3 
497 


54-5 
52-8 
51-2 


56-1 

54*4 
528 


57-8 
560 

54-3 


59*4 
577 
559 


6i-i 
593 
57*5 


62*9 
6i*o 
59-1 


646 
627 
6o-8 


66-4 

644 
62*4 


68-2 
661 
64-1 








Azimuths. | 


• 

54 
56 
58 


• 
II-7 
117 
118 


• 
II-9 
II-9 
120 


• 

I2-I 
I2-I 
12*1 




123 

12-3 

123 




12-5 

125 
12-5 



12-6 ! 12-8 
127 12*9 
127 12*9 


e 
130 
13-1 
13-1 


• 
13-2 

13-3 
133 




13-4 
13-5 


13-6 
137 
137 


13-8 
13-9 


e e 
14-0 142 
14-0 1 142 

I4'l 1 143 



144 
14-4 
14-5 


146 
146 
147 


60 
62 
64 


11-8 
II-9 

I2*0 


120 
121 

12-2 


12-2 
123 
12-4 


12-4 

12-5 

12-6 


12-6 

127 

12-8 


12-8 130 
12-9 131 
130 132 


132 
133 
13-4 


13-4 
135 
13-6 


136 

III 


13-8 
139 
14*0 


14-0 14-2 1 14-4 
141 , 14-3 145 
14-2 14-4 146 


146 

148 


148 
149 
150 



121 

True Bearing of * Vega at Hour-angles 1 Hour 1 6 Minutes to 3 Hours from Lower 

Transit. 





Below 
Pole. 

Hour- 


LATITUDES. | 




620 


53° 


540 


UP 


SV> 


&P 


BtP 


W 


600 


•P 


C8» 


68> 


64* 


IB* 




angles. 
































R. M. 


1 


1 


t 


'^ 


1 


i 


1 


1 


1 


t 


i 


1 


1 


• t 


1 


1 I6 


1444 


14 44 


14 46 


14 46 


14 47 


14 5C 


14 53 


14 55 


14 57 


15 I 


15 2 


15 6 


15 10 15 14 


' 


i8 


15 7 


15 7 


15 9 


15 10 


15 II 


15 13 


15 15 


15 18 


15 21 


15 23 


15 27 


15 30 


15 3415 38 




20 


15 30 


15 31 


15 31 


15 32 


15 35 


15 37 


15 39 


15 41 


15 44 


15 47 


15 50 15 54 


15 5816 a 


■ 


22 


15 53 


15 54 


15 55 


15 56 


15 58 


16 G 


16 2 


16 5 


16 8 


16 II 


16 14 16 z8 


16 27 


16 a6 




24 


16 15 


16 It 


16 17 


16 19 


16 21 


x6 22 


16 25 


16 27 


16 31 


16 33 


16 37 


x6 41 


16 45 


16 50 




26 


16 38 


16 39 


16 40 


z6 42 


X644 


1646 


16 48 


16 51 


16 54 


16 57 


17 .1 


17 5 


17 g 


17 14 




28 


17 I 


17 2 


17 4 


'7 5 


17 7 


17 9 


17 12 


17 14 


17 18 


17 21 


17 25 


17 29 


17 33 


17 38 




30 


17 24 


17 25 


17 27 


17 28 


17 30 


17 32 


17 35 


17 38 


17 41 


17 45 


17 49|i7 53 


17 57 


18 2 




32 


17 47 


1748 


17 49 


17 51 


17 53 


17 55 


17 58 


18 I 


18 4[i8 8 


18 12 


18 16 


18 21 


18 25 




34 


18 10 


18 II 


18 12 


18 14 


18 16 


18 19 


18 21 


18 24 


18 27 


18 31 


18 36 


18 40 


18 45 


18 50 




3^ 


18 32 


18 33 


18 35 


18 36 


18 39 


18 41 


i8 44 


1847 


i8 51 


18 54 


18 59 


19 3 


19 8 


19 13 




38 


18 55 


18 56 


18 58 


19 


19 2 


19 4 


19 7 


19 II 


19 14 


19 18 


19 22 


19 27 


19 32 


1937 




40 


19 17 


19 18 


19 20 


19 22 


19 25 


19 28 


19 30 


19 34 


19 37 


19 41 


19 46 


19 51 


19 56 


20 X 




42 


19 40 


19 41 


19 43 


19 45 


19 48 


19 50 


19 53 


19 57 


20 I 


20 5 


20 10 


20 14 


20 19 


20 25 




44 


20 3 


20 4 


20 5 


20 8 


20 10 


20 13 


20 16 


20 20 


20 24 


20 28 


20 33 


20 38 


2043 


20 49 




46 


20 26 


20 27 


20 29 


20 31 


20 33 


20 36 


20 40 


20 43 


20 47 


20 51 


20 56 


21 2 


21 7 


21 13 




48 


20 48 


20 50 


20 52 


20 55 


20 57 


21 


21 4 


21 7 


21 II 


21 16 


21 20 


21 25 


21 30 


21 36 




50 


21 10 


21 12 


21 14 


21 16 


21 19 


21 22 


21 26 


21 30 


21 33 


21 38 


21 43 


21 49 


21 55 


22 X 




52 


21 33 


21 35 


21 36 


21 39 


21 42 


21 45 


21 48 


21 53 


21 57 


22 I 


22 7 


22 12 


22 18 


22 24 




54 


21 55 


21 57 


21 59 


22 2 


22 5 


22 8 


22 II 


22 15 


22 20 


22 25 


22 30 


22 36 


22 42 


22 48 




56 


22 18 


22 19 


22 22 


22 24 


22 27 


22 31 


22 35 


22 39 


22 44 


22 48 


22 54 


22 59 


23 5 


23 12 




58 


22 40 


22 42 


22 44 


22 47 


22 50 


22 54 


22 58 


23 2 


23 6 


23 II 


23 17 


23 23 


23 29 


23 36 




II 


23 2 


23 4 


23 7 


23 10 


23 13 


23 17 


23 20 


2325 


23 30 


23 35 


23 40 


23 46 


23 53 


24 




2 


23 25 


23 27 


23 30 


23 33 


23 36 


23 39 


23 4323 48 


23 53 


23 58 


24 4 


24 10 


24 16 


24 23 




4 


23 47 


23 49 


23 52 


23 55 


23 58 


24 2 


24 624 II 


2^ 16 


24 21 


24 26 


24 33 


24 40 


24 47 




6 


24 9 


24 II 


24 14 


24 17 


24 21 


24 25 


24 2924 33 


24 39 


24 44 


24 50 


24 57 


25 4 


25 n 




8 


24 31 


24 33 


24 36 


24 39 


24 43 


2448 


24 5i|24 56 


25 2 


25 8 


25 13 


25 20 


25 27 


25 35 




10 


24 53 


24 56 


24 59 


25 2 


25 6 


25 10 


25 14 


25 19 


25 25 


25 31 


25 37 


25 44 


25 51 


25 58 




12 


25 16 


25 19 


25 21 


25 25 


25 29 


25 33 


25 37 


25 42 


25 48 


25 54 


26 


26 8 


26 15 


26 22 




M 


25 38 


25 41 


25 44 


25 47 


25 51 


25 55 


26 


26 5 


26 II 


26 17 


26 23 


26 31 


26 38 


26 46 




16 


26 


26 3 


26 6 


26 9 


26 13 


26 18 


26 23 


26 28 


26 33 


26 40 


26 46 


26 54 


27 I 


27 10 




18 


26 22 


26 25 


26 28 


26 32 


26 36 


26 41 


26 46 


26 51 


26 57 


27 3 


27 ID 


27 17 


27 25 


27 33 




20 


26 44 


26 47 


26 50 


26 54 


26 58 


27 3 


27 8 


27 13 


27 19 


27 26 


27 34 


27 40 


27 49 


27 57 




22 


27 6 


27 9 


27 13 


27 17 


27 21 


27 26 


27 31 


27 36 


27 43 


27 50 


27 57 


28 4 


28 13 


28 ax 




24 


27 28 


27 31 


27 35 


27 39 


27 43 


2748 


27 54 


27 59 


28 6 


28 12 


28 20 


28 27 


28 36 


28 45 




26 


27 50 


27 53 


27 57 


28 I 


28 6 


28 II 


28 16 


28 22 


28 29 


28 36 


2843 


28 51 


28 59 


29 8 




28 


28 11 


28 15 


28 18 


28 24 


28 28 


28 34 


28 38 


28 45 


28 51 


28 58 


29 7 


29 15 


29 23 


29 32 




30 


28 34 


28 37 


28 41 


28 45 


28 50 


28 55 


29 I 


29 7 


29 14 


29 22 


29 29 


29 38 


29 46 


29 56 




32 


28 56 


28 59 


29 3 


29 8 


29 12 


29 18 


29 24 


29 30 


29 37 


29 45 


29 52 


30 I 


30 10 


30 20 




34 


29 18 


29 21 


29 25 


29 30 


29 35 


29 41 


29 47 


29 53 


30 


30 8 


30 16 


30 24 


30 33 


30 43 




36 


29 39 


29 43 


29 46 


29 51 


29 57 


30 3 


30 9 


30 16 


30 23 


30 30 


30 39 


30 47 


30 57 


31 7 




38 


30 I 


30 5 


30 9 


30 14 


30 19 


30 25 


30 31 


30 38 


30 46 


30 54 


31 2 


31 II 


31 20 


31 30 




40 


30 23 


30 26 


30 31 


30 36 


30 42 


3048 


30 54 


31 I 


31 8 


31 17 


31 25 


31 35 


31 44 


31 54 




42 


3044 


30 48 


30 53 


30 58 


31 4 


31 10 


31 16 


31 23 


31 31 


31 39 


31 48 


31 57 


32 7 


32 18 




44 


31 6 


31 9 


31 15 


31 20 


31 26 


31 33 


31 39 


31 46 


31 55 


32 2 


32 10 


32 21 


32 31 


32 42 




^f 


31 27 


31 31 


31 36 


31 42 


31 48 


31 54 


32 I 


32 9 


32 17 


32 25 


32 34 


32 44 


32 54 


33 5 




48 


31 49 


31 54 


31 58 


32 3 


32 10 


32 17 


32 24 


32 31 


32 39 


32 48 


32 57 


33 7 


33 17 


33 29 




50 


32 10 


32 15 


32 20 


32 26 


32 32 


32 39 


32 46 


32 54 


33 2 


33 II 


33 20 


33 30 


33 41 


33 52 




52 


32 31 


32 36 


32 41 


32 47 


32 54 


33 I 


33 8 


33 16 


33 25 


33 33 


33 42 


33 53 


34 4 


34 16 




54 


32 53 


32 58 


33 4 


33 10 


33 16 


33 23 


33 31 


33 39 


33 48 


33 57 


34 6 


34 17 


34 28 


34 39 




56 


33 14 


33 19 


33 25 


33 31 


33 38 


33 46 


33 53 


34 2 


34 10 


34 19 


34 29 


34 40 


34 52 


35 3 




...58 


33 36 


33 41 


33 47 


33 53 


34 


34 7 


34 15 


34 24 


34 33 


34 42 


34 52 


35 3 


35 14 


35 26 




111 


33 56 


34 3 


34 9 


34 16 


34 22 


34 29 


34 37 


34 46 


34 55 


35 5 


35 15 


35 26 


35 37 


35 49 



183 
■iiedu&tion to the Meridian and Azimuth Table near, the Meridian below the Pole. 

















*• 


I OYaNI. 
















La..)» 


m 


m. 


m. 


m. 1 m. 
80 1 24 


m. 


m. 


m. ' 


m. 1 m. 
82 1 84 


m. 


m. 


m. 


m. 


m. W 


8 


12 


16 


26 


28 


SO 


86 


88 


40 


42 1 


M f 




Rbductions. 1 


46 


o'3 


i 
i*o 


4 
23 


1 
41 


6-4 


1 

9*3 


io'9 


12-6 


145 


16-4 


i8-6 


208 


232 


257 


283 


311 


50 


02 


i*o 


2-2 


3-8 


60 


8-6 


lo-i 


117 


134 


15-3 


17-2 


19-3 


21-5 


239 


263 


28-8 


54 


02 


09 


20 


3*5 


5-5 


79 


93 


IO-8 


124 


141 


159 


17-8 


199 


22-0 


243 


266 


58 


02 


0-8 


1-8 


32 


50 


72 


8-5 


99 


"•3 


I2'9 


14-5 


16-3 


i8-i 


20-I 


22*2 


24:3 


60 


0-2 


08 


1*7 


31 


4-8 


6-9 


81 


94 


IO-8 


12-2 


13-8 


15*5 


17-2 


I9-I 


21*1 


23-1 


62 


02 


07 


1-6 


29 


45 


6-5 


77 


8-9 


10*2 


II-6 


131 


147 


16-4 


i8-2 


20'0 


21*9 


64 


0-2 


07 


15 


27 


4*3 


62 


7*3 


8-4 


97 


no 


12-4 


13-9 


15*5 


171 


189 


207 




Azimuths. ^ 


e 


e 





' • 


o_ 


- • 


• 


e 














• 











46 


07 


1-4 


2-1 


2-8 


3'5 


4-2 


4-6 


50 


5*3 


57 


60 


6-4 


67 


7'i 


7*4 


7-8 


50 


07 


1-4 


21 


2-8 


3-6 


4'3 


4-6 


50 


53 


57 


60 


6-4 


67 


7i 


7*4 


7-8 


H 


07 


1-4 


2-2 


29 


3-6 


4*3 


47 


50 


54 


57 


61 


6-4 


6-8 


72 


75 


7'9 


58 


07 


1*5 


2-2 


29 


3-6 


4*4 


47 


5*1 


5*4 


5-8 


6-2 


6-5 


6-9 


7*3 


7-6 


80 


62 


07 


1*5 


2*2 


29 


37 


44 


4-8 


5-1 


55 


59 


6-2 


6-6 


70 


73 


77 


8-1 


i 


Lat.|S| 


111, 1 


m. 1 m. 1 m. 1 m. 

47 1 48 1 49 1 50 


m. 


m. 1 


m. 


m. 1 m. 1 m. 
64 1 55 1 56 


m. 1 m. 


m. m. f 


40 i 


51 


52 


53 


57 1 58 


59 60 1 




Reductions. { 


1 1 


1 <i«i«i<i«i«i«i 


« « 1 < 1 < 1 « 1 i i « r 


46 


32-5 


339 


35*4 


369 


38-5 


40- 1 


417 


433 


450 


467 


484 


50-2 


520 


53-8 


557 


57-6 


48 


313 


327 


34*2 


35-6 


37*1 


386 


402 


41-8 


43-4 


45-1 


467 


48-4 


502 


51-9 


537 


55-6 


50 


302 


31-5 


329 


343 


357 


37*2 


387 


402 


41-8 


43*4 


450 


467 


483 


50*0 


51-8 


535 


52 


29-0 


30-3 


316 


330 


344 


35-8 


37*2 


387 


402 


4»7 


433 


449 


465 


48-1 


49-8 


515 


54 


27-8 


29-1 


304 


317 


330 


343 


357 


37* I 


386 


400 


41-5 


430 


44-6 


46- 2 


47-8 


494 


56 


266 


27-8 


291 


303 


316 


329 


34-2 


355 


369 


383 


397 


41-2 


427 


44-2 


457 


47-3 


58 


254 


266 


277 


289 


302 


31*4 


327 


339 


353 


366 


380 


39-4 


408 


42-2 


43-6 


451 


60 


242 


253 


264 


275 


287 


299 


311 


323 


33-^ 


34-8 


361 


37*5 


38-8 


402 


416 


43-0 


62 


230 


240 


251 


261 


27-2 


28-3 


295 


306 


31-8 


330 


34*3 


35-5 


36-8 


38-1 


394 


408 


64 


217 


227 


237 


247 


257 


268 


278 


289 


301 


31-2 


324 


33-6 


34-8 


360 


372 


38-5 




Azimuths. | 


• 


e 








• 


^•^ 


«•« 


e 

















e 








e 


46 


7'9 


8-1 


8-3 


8-5 


8-6 


8-8 


90 


92 


93 


9*5 


97 


99 


io*o 


IO-2 


104 


10*6 


50 


80 


8-2 


P 


8-5 


f7 


8-9 


9-0 


92 


9.4 


9-6 


97 


99 


lO'I 


10-2 


10-4 


IO-6 


54 


80 


8-2 


8-4 


8-6 


8-8 


8-9 


91 


93 


95 


9-6 


9-8 


100 


IO-2 


103 


IO-5 


107 


58 


8-2 


8-3 


8-5 


87 


8-9 


91 


92 


94 


9-6 


9-8 


lO'O 


IO-2 


103 


io'5 


107 


10-9 


62 


8-3 


8-5 


87 


8-9 


91 


92 


94 


9-6 


9-8 


lO'O 


IO"2 


103 


IO-5 


107 


io*9 


II'I 


f 


Lat. 




1 HOUR. |. 


m.' 


m. m. 


m. 


m. 1 m. 
4 1 5 


m. 


m. 


m. m. 1 m. 
8 9 1 10 


m. 


1 m. 


m. 1 m. m. 1 







1 2 


8 


6 


7 


11 


1 12 


13 1 14 15 1 




Reductions. | 


4-6 


57-6 


59-5 


6x'.5 


63-5 


65-5 


67-5 


696 


1 
717 


73*9 


1 

76-0 


78-2 


80-5 


827 


85-0 


87-4 


897 


48 


55-6 


57-4 


593 


6i-2 


63-2 


651 


67-1 


692 


71-3 


73*4 


75-5 


777 


79-8 


820 


84-3 


86-6 


50 


53'5 


55'3 


57'i 


590 


6o-8 


628 


647 


667 


68-6 


707 


727 


74-8 


769 


790 


81-2 


83-4 


51 


52-5 


54-2 


56-0 


57-8 


597 


615 


63-5 


654 


673 


693 


71-3 


73-4 


75*4 


77'5 


79*6 


8i-8 


52 


51*5 


53-2 


54*9 


567 


58-5 


60-3 


62*2 


641 


660 


680 


699 


71-9 


739 


76-0 


781 


8o-2 


53 


50-4 


521 


53-8 


55-6 


57-3 


59-1 


6i'o 


628 


647 


66-6 


68-5 


70-5 


72-5 


74*5 


76-5 


78-6 


54 


49'4 


510 


527 


54*4 


56-2 


57'9 


597 


61-5 


633 


652 


67-1 


69*0 


71-0 


729 


749 


77-0 


55 


48-3 


49*9 


51-6 


53-3 


550 


567 


58-4 


6o*2 


620 


638 


657 


67-6 


695 


71-4 


73*3 


75*3 


56 


47'3 


489 


50-5 


52- 1 


53-8 


55-4 


57*1 


589 


606 


62-4 


643 


66-1 


67-9 


69-8 


71-8 


737 


57 


46-2 


47-8 


49*3 


509 


52-5 


54*2 


55*9 


57-6 


59*3 


6i'o 


62-8 


64-6 


66-4 


68-3 


70-1 


72*0 


58 


45-1 


467 


48-2 


49-8 


51-3 


529 


546 


562 


579 


596 


61-4 


631 


64-9 


667 


68-5 


70-4 


59 


44-1 


45*5 


47-0 


486 


50- 1 


517 


533 


54*9 


565 


58-2 


59*9 


61 -6 


63-3 


65-1 


669 


687 


60 


43-0 


44*4 


45*9 


47'4 


48-9 


50-4 


51-9 


535 


551 


56-8 


58-4 


6o-i 


6i-8 


63-5 


65-2 


67*0 


61 


41-9 


43*3 


447 


46-1 


47-6 


49-1 


50*6 


522 


537 


55-3 


569 


58-5 


60'2 


61 '9 


63-6 


65-3 


62 


408 


42-1 


43*5 


44'9 


46-4 


47-8 


493 


508 


523 


53-8 


55'4 


57-0 


58-6 


602 


61-9 


^3'^ 


63 


396 


410 


423 


437 


45-1 


46-5 


47*9 


49*4 


508 


52-3 


53-8 


55-4 


570 


58-5 


6o-2 


6r8 


64138-5 


39-8 


4I-I 


424 


43-8 


45-1 


465 


479 


494 


508 


523 


53-8 


55*3 


569 


58-4 


600 




Azimuths. | 











• 











0^ 


0^ 


e 











0^ 


•« ^ 





46 


10-6 


107 


109 


ii'i 


11*3 


II-4 


11-6 


n-8 


120 


I2-I 


12-3 


I2'5 


12-6 


12-8 


130 


132 


50 


io*6 


IO-8 


n*o 


ii*i 


II-3 


II-5 


117 


II-8 


I2"0 


12-2 


124 


125 


127 


12-9 


130 


132 


54 


107 


109 


ii-o 


11*2 


II-4 


II-6 


II-8 


I2'0 


I2'I 


12*3 


125 


127 


12-8 


130 


13-2 


13-4 


58 


10*8 


11 -0 


11*2 


II-4 


II-6 


II-8 


II-9 


121 


12-3 


12-5 


127 


12-8 


130 


13-2 


13-4 


13-6 


62 


ii-i 


II-3 


II-4 


II-6 


II-8 


120 


12-2 


12-4 


12-5 


127 


12-9 


131 


13-3 


I3'5 


137 


13-8 


64 


11*2 


II-4 


11-6 


II-8 


I2'0 


121 


12-3 


12-5 


127 


12-9 


i3"i 


13-3 


13*4 


136 


138 


14-0 



123 



True Bearino of ^ 



Cygni at Hour-angles 1 Hour 16 Minutes to 3 Hours from 
Lower Transit. 





Below 
Pole. 

Hour- 


LATITUDES. j 




M"* I 48° 


60° 


520 


63° 


54° 


66° 


66° 


67° 


68* 


W 


80° 


eio 


%V 




angles. 


1 




























H. M. 


/ 


/ 


1 


/ 


e / 


« 


1 


° '« 


Q / 


t 


/ 


1 


1 


i 




1 i6 


13 20 


13 22 


13 24 


13 28 


13 30 


13 32 


13 35 


13 38 


13 41 


13 45 


13 48 


13 52 


13 57 


14 r 




i8 


13 40 


13 42 


13 45 


13 49 


13 51 


13 54 


13 56 


13 59 


14 3 


14 6 


14 10 


14 14 


14 19 


14 23 




20 


14 I 


14 3 


14 6 


14 10 


14 12 


14 15 


14 18 


14 21 


14 24 


14 28 


14 32 


14 36 


14 40 


14 45 




22 


14 21 


14 24 


14 27 


14 31 


14 33 


14 36 


14 39 


14 42 


14 46 


14 49 


14 53 


14 58 


15 2 


15 7 




24 


14 42 


14 44 


14 47 


14 51 


14 54 


14 57 


15 


15 3 


15 7 


15 10 


15 15 


15 20 


15 24 


15 29 




26 


15 3 


15 5 


15 8 


15 12 


15 15 


15 18 


15 21 


15 24 


15 28 


15 32 


15 37 


15 41 


15 46 


15 5' 




28 


15 23 


15 25 


15 29 


15 33 


15 36 


15 39 


15 42 


15 46 


15 49 


15 53 


15 58 


16 3 


16 8 


16 13 




30 


15 44 


15 46 


15 50 


15 54 


15 57 


16 


16 3 


16 7 


16 II 


16 15 


i6 20 


i6 25 


16 30 


16 35 




32 


16 4 


16 7 


16 10 


16 15 


16 18 


16 21 


16 25 


16 28 


16 32 


16 36 


16 41 


16 46 


16 52 


16 57 




34 


16 25 


16 27 


16 31 


16 36 


16 39 


16 42 


16 46 


16 49 


16 54 


16 58 


17 3 


17 8 


17 13 


17 19 




36 


16 45 


16 48 


16 52 


16 57 


17 


17 3 


17 7 


17 II 


17 15 


17 19 


17 25 


17 30 


17 35 


17 41 




38 


17 6 


17 8 


17 12 


17 18 


17 2T 


17 24 


17 28 


17 32 


17 36 


17 41 


17 46 


17 51 


17 57 


18 3 




40 


17 26 


17 29 


17 33 


17 38 


17 42 


17 45 


17 49 


17 53 


17 57 


18 2 


18 8 


18 13 


18 19 


18 25 




42 


17 46 


17 49 


17 54 


17 59 


18 2 


18 6 


18 10 


18 14 


18 19 


18 24 


18 29 


18 35 


18 41 


18 47 




44 


18 7 


18 10 


18 14 


18 20 


18 23 


18 27 


18 31 


18 35 


18 40 


18 45 


18 50 


18 56 


19 3 


19 9 




46 


18 27 


18 30 


18 35 


18 41 


1844 


18 48 


18 52 


18 56 


19 I 


19 6 


19 12 


19 18 


19 24 


19 31 




48 


18 47 


18 50 


18 55 


19 I 


19 5 


19 9 


19 13 


19 17 


19 22 


19 27 


19 33 


19 39 


19 46 


19 53 




50 


19 7 


19 II 


19 15 


19 22 


19 25 


19 29 


19 34 


19 39 


19 44 


19 49 


19 55 


20 I 


20 7 


20 15 




52 


19 27 


19 31 


19 36 


19 42 


19 46 


19 50 


19 55 


20 


20 5 


20 10 


20 16 


20 23 


20 29 


20 37 




54 


19 47 


19 51 


19 56 


20 3 


20 7 


20 II 


20 16 


20 21 


20 26 


20 32 


20 38 


20 44 


20 51 


20 58 




56 


20 7 


20 II 


20 17 


20 24 


20 28 


20 32 


20 37 


20 42 


20 47 


20 54 


21 


21 6 


21 13 


21 20 




58 


20 27 


20 32 


20 37 


20 44 


20 48 


20 53 


20 57 


21 3 


21 9 


21 15 


21 20 


21 27 


21 34 


21 42 




II 


20 48 


20 52 


20 58 


21 5 


21 9 


21 13 


21 18 


21 24 


21 30 


21 36 


21 42 


21 49 


21 56 


22 4 




2 


21 8 


21 13 


21 18 


21 25 


21 29 


21 34 


21 39 


21 45 


21 51 


21 57 


22 3 


22 10 


22 17 


22 26 




4 


21 28 


21 32 


21 38 


21 46 


21 49 


21 55 


22 


22 6 


22 II 


22 18 


22 24 


22 32 


22 39 


22 48 




6 


21 47 


21 52 


21 58 


22 6 


22 10 


22 15 


22 20 


22 26 


22 33 


22 39 


22 46 


22 53 


23 I 


23 10 




8 


22 7 


22 12 


22 19 


22 26 


22 31 


22 36 


22 41 


22 47 


22 53 


23 


23 7 


23 15 


23 23 


23 31 


10 


22 27 


22 32 


22 39 


22 47 


22 52 


22 57 


23 3 


23 9 


23 15 


23 21 


23 29 


23 36 


23 44 


23 53 




12 


22 46 


22 52 


22 59 


23 7 


23 12 


23 17 


23 23 


23 29 


23 35 


23 42 


23 50 


23 57 


24 6 


24 15 




14 


23 6 


23 12 


23 19 


23 27 


23 32 


23 38 


23 44 


23 50 


23 56 


24 3 


24 II 


24 19 


24 28 


24 37 




16 


23 26 


23 32 


23 39 


23 48 


23 53 


23 58 


24 4 


24 10 


24 17 


24 24 


24 32 


24 40 


24 49 


24 58 




18 


23 45 


23 51 


23 59 


24 8 


24 13 


24 19 


24 25 


24 31 


24 39 


24 46 


24 53 


25 2 


25 II 


25 ^0 




20 


24 5 


24 II 


24 19 


24 28 


24 33 


24 39 


24 45 


24 52 


24 59 


25 7 


25 14 


25 23 


25 32 


25 41 




22 


24 25 


24 31 


24 39 


24 48 


24 54 


24 59 


25 6 


25 13 


25 21 


25 28 


25 36 


25 44 


25 53 


26 3 




24 


24 45 


24 51 


24 59 


25 8 


25 14 


25 20 


25 27 


25 33 


25 41 


25 49 


25 57 


26 6 


26 15 


26 25 




26 


25 5 


25 10 


25 18 


25 28 


25 35 


25 40 


25 47 


25 54 


26 2 


26 10 


26 18 


26 27 


26 36 


26 47 




28 


25 24 


25 30 


25 38 


25 48 


25 55 


26 I 


26 8 


26 15 


26 23 


2631 


26 39 


26 49 


26 59 


27 9 




30 


25 43 


25 50 


25 58 


26 9 


26 15 


26 21 


26 29 


26 36 


26 44 


26 52 


27 I 


27 10 


27 20 


27 31 




32 


26 2 


26 9 


26 18 


26 29 


26 35 


26 42 


26 49 


26 56 


27 4 


27 13 


27 22 


27 31 


27 41 


27 52 




34 


26 21 


26 29 


26 38 


26 49 


26 55 


27 2 


27 10 


27 17 


27 25 


27 34 


27 43 


27 53 


28 3 


28 14 




36 


26 40 


26 49 


26 57 


27 8 


27 15 


27 22 


27 30 


27 37 


27 46 


27 55 


28 4 


28 14 


28 24 


28 35 




38 


27 


27 8 


27 17 


27 28 


27 35 


27 42 


27 50 


27 58 


28 6 


28 16 


28 25 


28 35 


28 46 


28 56 




40 


27 19 


27 27 


27 37 


27 48 


27 55 


28 3 


28 II 


28 19 


28 27 


28 37 


28 46 


28 56 


29 7 


29 19 




42 


27 38 


27 47 


27 57 


28 8 


28 15 


28 22 


28 31 


28 38 


28 48 


28 57 


29 7 


29 17 


29 28 


29 40 




44 


27 57 


28 6 


28 16 


28 29 


28 35 


28 43 


28 51 


28 59 


29 9 


29 18 


29 28 


29 39 


29 50 


30 I 




46 


28 16 


28 25 


28 35 


28 49 


28 56 


29 3 


29 12 


29 20 


29 30 


29 39 


29 49 


30 


30 II 


30 23 




48 


28 35 


28 45 


28 55 


29 8 


29 16 


29 23 


29 31 


29 41 


29 51 


30 


30 10 


30 21 


30 32 


30 45 




50 


28 53 


29 3 


29 15 


29 28 


29 36 


29 43 


29 52 


30 I 


30 II 


30 21 


30 31 


30 42 


30 54 


31 7 




52 


29 13 


29 23 


29 35 


29 48 


29 56 


30 4 


30 12 


30 21 


30 31 


30 41 


30 52 


31 3 


31 15 


31 28 




54 


29 32 


29 4^ 


29 54 


30 7 


30 16 


30 23 


30 32 


30 41 


30 51 


31 2 


31 13 


31 24 


31 36 


31 50 




56 


29 51 


30 I 


30 13 


30 28 


30 36 


30 44 


30 53 


31 2 


31 12 


31 23 


31 34 


31 45 


31 58 


32 II 




58 


30 9 


30 20 


30 31 


30 47 


30 55 


31 3 


31 13 


31 22 


31 33 


31 43 


31 55 


32 6 


32 19 


32 33 




III 


30 28 


30 39 


30 51 


31 7 


31 15 


31 23 


31 33 


31 42 


31 53 


32 4 


32 16 


32 28 


32 41 


32 54 
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Rjaduction to the Meridian and Azimuth Table near the Meridian belaw the Pole* 

-X- OAPBLUL 



■7 



Lat. 



m. 
II 



Tfni 



m. 
94 



m. 
83 



m. 
30 



82 I 3* 



38 



40 



m. 
48 



m. 
44 



46 
50 
54 
58 
62 
64 



46 
50 
54 

58 
62 
64 



Lat. 



46 
48 
50 
52 
54 

56 
58 
60 
62 
64 



Lat 



Reductions. 



1 


1 


1 


1 


^ , 


, 


1 


« 


4 


/ 


* 


« 


, 


1 


1 


03 


I'O 


2*3 


4-1 


6i 


9-1 


107 


12-4 


14-2 


i6-2 


183 


205 


22-8 


253 


27*9 


02 


09 


2*1 


3-8 


5*9 


8-5 


100 


"•5 


13-2 


151 


17-0 


191 


21*2 


235 


259 


0-2 


09 


19 


35 


54 


7-8 


92 


IO-6 


I2'2 


13-9 


157 


17-6 


19-6 


217 


239 


02 


08 


1-8 


32 


50 


72 


8-4 


97 


II-2 


127 


14-4 


161 


179 


19-8 


21-9 


02 


07 


lb 


29 


45 


6-5 


7-6 


8-8 


lOI 


II-5 


130 


146 


i6-2 


17-9 


198 


0-2 


07 


15 


27 


42 


61 


72 


8-3 


95 


10-9 


123 


137 


153 


170 


187 



Azimuths. 



07 
07 
07 

07 
07 
07 



14 
14 
14 

14 
1*5 
15 



2*1 
2*1 
21 

2-1 
2*2 
2*2 



2-8 
2-8 
2-8 

2-9 

29 
30 



3-5 
3-5 
35 
3-6 
37 
37 



42 
42 
4*2 

43 
4*4 
4*4 



45 
4*5 
4-6 

47 
4-8 
4-8 



4*9 
49 
49 
50 
51 
52 



52 
52 
5*3 

54 
55 
5-6 



56 
5-6 
5-6 

57 
5-8 
59 



m. 
45 



46 



47 



m. 
48 



m. 
48 



m. 
61 



m. 
63 



m. 
54 



59 
59 
60 

61 
6-2 
6-3 



6-3 
6-3 
6-4 

6-4 
66 
67 



6-6 
6-6 
67 

6-8 
6-9 
70 



6-9 
70 
70 

7-2 
73 
74 



7*3 
73 
7-4 

7'5 
77 
7-8 



66 



67 



68 



88 



30-6 
28-4 

26'2 

24-0 
217 
20-5 



7-6 
77 
77 

79 
80 
81 



m. 
60 



Reductions. 



320 


33*4 


349 


364 


379 


394 


410 


426 


44-3 


460 


477 


494 


51-2 


530 


54-8 


30-8 


322 


33-6 


35- 1 


365 


381 


396 


41-2 


427 


444 


460 


477 


494 


5I-I 


529 


297 


311 


32-4 


33-8 


352 


367 


381 


39-6 


41-2 


427 


44*3 


460 


47-6 


493 


510 


286 


299 


312 


325 


33*9 


353 


367 


381 


39-6 


411 


427 


44-2 


45-8 


474 


490 


27-5 


287 


299 


31-2 


325 


339 


35-2 


36-6 


380 


395 


4I-0 


425 


440 


455 


471 


26-3 


275 


287 


29-9 


312 


324 


337 


351 


364 


37-8 


392 


407 


42-1 


43-6 


45*1 


251 


26- 2 


274 


286 


300 


310 


322 


335 


34-8 


361 


375 


388 


402 


416 


43' I 


239 


250 


261 


272 


283 


295 


307 


3i'9 


33- 1 


34*4 


357 


370 


38-3 


397 


411 


227 


237 


248 


258 


269 


28-0 


291 


303 


315 


327 


339 


35*1 


3b-4 


377 


390 


21-5 


224 


234 


244 


254 


26-5 


275 


28b 


297 


30-9 


320 


33*2 


344 


35-6 


368 



Azimuths. 



0^ 














^0 


«°^ 


























7-8 


80 


8-2 


8-3 


8-5 


S'7 


8-8 


90 


92 


94 


95 


97 


9*9 


100 


10-2 


7-9 


80 


8-2 


8-4 


8-5 


87 


8-9 


91 


92 


94 


9b 


9-8 


9.9 


lOI 


103 


79 


8-1 


8-3 


8-5 


8-6 


8-8 


90 


92 


93 


95 


97 


99 


100 


IO-2 


104 


81 


8-2 


8-4 


8-6 


8-8 


8-9 


91 


9-3 


95 


97 


9-8 


100 


IO-2 


104 


105 


8-2 


8-4 


8-6 


8-8 


8-9 


91 


93 


95 


97 


99 


100 


IO-2 


104 


IO-6 


10-8 


8-3 


8-5 


87 


8-9 


91 


92 


94 


96 


9-8 


100 


IO-2 


IO-3 


IO-5 


107 


io"9 



567 

547 
527 
507 
487 

467 
446 

425 
403 
381 



IO-4 
10*4 
106 

107 
no 
II'I 



1 HOUR. 



m. 
2 



m. 
8 



"I 



m. 
8 



m. 
11 



m. 
13 



13 



m. 



m. 
15 



46 
48 
50 
52 

53 
54 
55 
56 

57 
58 
59 
60 

61 
62 
63 
64 



.567 


586 


605 


62-4 


644 


66-4 


547 


56-5 


58-4 


603 


62*2 


b4i 


527 


54*5 


56-3 


58-1 


599 


6i-8 


507 


524 


54" I 


559 


577 


595 


497 


514 


531 


54-8 


565 


583 


487 


503 


520 


537 


554 


57'^ 


477 


493 


50*9 


525 


54*2 


559 


467 


48-2 


49-8 


51-4 


530 


547 


45-6 


47-1 


487 


503 


51-9 


535 


44-6 


46-1 


47-b 


491 


507 


523 


43*5 


45-0 


4b-4 


47'9 


49*5 


510 


425 


439 


453 


4b-8 


48-3 


49-8 


41-4 


428 


44-2 


45-6 


470 


48-5 


403 


41-6 


430 


44*4 


45-8 


47-3 


39-2 


40-5 


41-8 


43-2 


44-b 


460 


38- 1 


39'4 


40*6 


420 


433 


44-6 



Reductions. 

68-5 
66- 1 
637 
613 
6o-i 
589 
57*6 
56-4 

551 
53*9 
526 

51-3 
50*0 
487 

47*4 
46*0 

Azimuths. 



706 


727 


74-8 


770 


792 


814 


1 
837 


86-0 


68- 1 


70-2 


722 


74*3 


765 


786 


8o-8 


830 


656 


676 


696 


716 


737 


757 


77-8 


800 


632 


65-1 


670 


b8-9 


709 


729 


749 


77-0 


619 


•63-8 


657 


676 


695 


71-4 


73-4 


75*4 


606 


62-5 


64-3 


66-2 


680 


699 


71-9 


73-8 


594 


612 


630 


64-8 


66-6 


68-5 


70-4 


723 


581 


59-8 


6i-6 


63-4 


65-2 


67'i 


689 


70-8 


56-8 


58-5 


602 


62*0 


638 


65-6 


67-4 


692 


55-5 


572 


58-8 


606 


623 


640 


658 


676 


54-2 


55-8 


57*5 


59-1 


6o-8 


625 


643 


€6-1 


529 


54*5 


561 


577 


59'3 


610 


627 


64-4 


51-5 


531 


54-6 


562 


57-8 


59*5 


611 


628 


502 


517 


53*2 


54-8 


563 


579 


59*5 


6i-i 


48-8 


503 


51-8 


53*3 


54*8 


56-3 


57*9 


595 


474 


48-8 


50-3 


51-8 


53*3 


54-8 


56-3 


57-8 



883 

852 

822 
790 

775 
75-8 
74*3 
727 
7I-I 
69-4 
678 
66-2 

645 
628 
611 
59*4 



• 









































0^ 


o_ 





46 


10-4 


io*6 


107 


10*9 


II'I 


II'2 


ii'4 


lib 


11-8 


119 


I2'I 


12*3 


I2'4 


I2b 


12-8 


I2'9 


50 


105 


IO-6 


10-8 


ii-o 


III 


II-3 


11-5 


117 


ir8 


I2'0 


122 


12-3 


12-5 


127 


129 


130 


54 


10-6 


107 


IO-9 


II'I 


11-3 


11-4 


II-6 


II-8 


120 


I2-I 


12-3 


125 


127 


12-8 


130 


132 


58 


107 


10-9 


II'I 


113 


11-4 


II-6 


11-8 


120 


121 


12-3 


12-5 


127 


I2'9 


130 


132 


13*4 


62 


no 


III 


II-3 


II-5 


117 


11-9 


I2'0 


12-2 


12-4 


12-6 


12-8 


130 


131 


13-3 


13-5 


137 


64 


II-I 


II-3 


"•5 


11-6 


11-8 


120 


12*2 


I2'4 


12-6! 12-8 


129 


131 


13-3 


13-5 


i3'7 


139 



1S6 

4 

True Bearing of ^cCapeila at Hour-angles 1 Hour 16 Minutes to 3 Hours from 

Lower Transit. 





Below 
Pole. 

Hour- 


LATITUDES. J 


- 


460 4gP 


60° 


63° 


68° 


84° 


55° 


66° 


67° 


68° 


66° 


•0° 


61° 


W 




angles. 






























H.M. 


i 


/ 


/ 


i 


/ 


1 


/ 


/ 


/ 


1 


i 


1 


/ 


1 




« '5 


13 7 


13 9 


13 12 


13 16 


13 19 


13 21 


13 24 


13 27 


13 31 


13 34 


13 38 


13 43 


13 47 


13 52 




i8 


13 27 


13 30 


13 33 


13 37 


^3 39 


13 42 


13 45 


13 48 


13 52 


13 56 


14 


14 4 


14 9 


14 14 




20 


13 48 


13 50 


13 53 


13 57 


14 


14 3 


14 6 


14 9 


14 13 


14 17 


14 21 


14 26 


14 30 


14 35 




22 


14 8 


14 10 


14 14 


14 18 


14 21 


14 24 


14 27 


14 30 


14 34 


14 38 


14 42 


14 47 


14 52 


14 57 




24 


14 28 


14 31 


14 34 


14 38 


14 42 


14 44 


14 48 


14 51 


14 56 


14 59 


15 4 


15 9 


15 13 


15 19 




26 


14 48 


14 51 


14 55 


14 59 


15 2 


15 5 


15 9 


15 12 


15 17 


15 21 


15 25 


15 30 


15 35 


15 41 




28 


15 9 


15 12 


15 15 


15 20 


15 23 


15 26 


15 30 


15 33 


15 38 


15 42 


15 46 


15 51 


15 56 


16 2 




30 


15 29 


15 32 


15 36 


15 40 


15 44 


15 47 


15 50 


15 54 


15 59 


16 3 


16 8 


i6 13 


16 18 


16 24 




32 


15 49 


15 52 


15 56 


i6 I 


16 4 


i6 7 


16 12 


16 15 


16 20 


16 24 


16 29 


16 34 


16 39 


16 46 




34 


16 9 


16 12 


16 16 


16 21 


16 25 


16 28 


16 32 


16 36 


16 40 


16 46 


16 50 


16 55 


17 I 


17 8 




36 


16 29 


16 32 


16 37 


16 42 


16 45 


16 49 


16 53 


16 57 


17 I 


17 7 


17 II 


17 16 


17 22 


17 29 




38 


16 49 


16 53 


16 57 


17 2 


17 6 


17 9 


17 14 


17 18 


17 22 


17 28 


17 32 


17 38 


17 44 


17 51 




40 


17 9 


17 13 


17 17 


17 23 


17 26 


17 30 


i7 34 


17 39 


17 43 


17 49 


17 54 


17 59 


18 5 


18 13 




42 


17 29 


17 33 


17 37 


17 43 


17 47 


17 51 


17 55 


17 59 


18 4 


18 10 


18 15 


18 20 


18 27 


18 34 




44 


17 49 


17 53 


17 58 


18 4 


18 7 


18 12 


18 16 


18 20 


18 25 


18 31 


18 36 


18 42 


18 48 


18 56 




46 


18 9 


18 13 


18 18 


18 24 


18 28 


18 33 


18 37 


18 41 


18 46 


18 52 


18 571x9 4 


19 10 


19 18 




48 


18 29 


18 33 


18 38 


18 45 


18 49 


18 53 


18 57 


19 2 


19 7 


19 13 


19 19 


19 25 


19 32 


19 39 




50 


18 49 


18 53 


18 58 


19 5 


19 9 


19 13 


19 18 


19 23 


19 28 


19 34 


19 40 


19 47 


19 54 


20 I 




52 


19 9 


19 13 


19 18 


19 26 


19 30 


19 34 


19 39 


19 44 


19 49 


19 55 


20 I 


20 8 


20 15 


20 23 




54 


19 29 


19 33 


19 38 


19 46 


19 50 


19 55 


19 59 


20 4 


20 10 


20 16 


20 22 


20 29 


20 37 


20 44 




56 


1948 


19 53 


19 59 


20 6 


20 10 


20 15 


20 20 


20 25 


20 31 


20 37 


20 44 


20 51 


20 58 


21 6 




58 


20 8 


20 13 


20 19 


20 26 


20 31 


20 36 


20 41 


20 46 


20 52 


20 59 


21 5 


21 12 


21 20 


21 27 


. 


fl 


20 28 


20 33 


20 39 


20 47 


20 51 


20 56 


21 I 


21 7 


21 13 


21 19 


21 26 


21 33 


21 41 


21*49 




2 


20 48 


20 53 


20 59 


21 7 


21 II 


21 16 


21 22 


21 27 


21 34 


21 40 


21 47 


21 54 


22 2 


22 10 




4 


21 7 


21 12 


21 19 


21 27 


21 32 


21 37 


21 42 


21 48 


21 54 


22 I 


22 8 


22 16 


22 24 


22 32 




6 


21 27 


21 32 


21 39 


21 47 


21 52 


21 57 


22 3 


22 9 


22 15 


22 22 


22 29 


22 37 


22 45 


22 54 




8 


21 46 


21 52 


21 59 


22 7 


22 12 


22 18 


22 23 


22 29 


22 36 


22 43 


22 50 


22 58 


23 6 


23 15 




10 


22 6 


22 II 


22 19 


22 27 


22 32 


22 38 


22 44 


22 50 


22 57 


23 4 


22 II 


23 19 


23 28 


23 37 




12 


22 25 


22 31 


22 39 


22 47 


22 53 


22 58 


23 4 


23 II 


23 17 


23 25 


23 32 


23 40 


23 49 


23 58 




14 


22 44 


22 51 


22 59 


23 7 


23 13 


23 18 


23 24 


23 31 


23 38 


23 45 


23 53 


24 2 


24 10 


24 20 




16 


23 4 


23 10 


23 18 


23 27 


23 33 


23 39 


23 45 


23 52 


23 59 


24 6 


23 14 


24 23 


24 32 


24 41 




18 


23 23 


23 30 


23 38 


23 47 


23 53 


23 59 


24 5 


24 12 


24 19 


24 27 


24 35 


24 44 


24 53 


25 3 




20 


23 43 


23 49 


23 57 


24 7 


24 13 


24 19 


24 26 


24 33 


24 40 


2448 


24 56 


25 5 


25 14 


25 24 




22 


24 2 


24 9 


24 17 


24 27 


24 33 


24 39 


24 46 


24 53 


25 I 


25 8 


25 17 


25 26 


25 36 


25 46 


■ 


24 


24 21 


24 28 


24 37 


24 47 


24 53 


24 59 


25 6 


25 ^3 


25 21 


25 29 


25 38 


25 47 


25 57 


26 7 




26 


24 40 


24 47 


24 56 


25 7 


25 13 


25 19 


25 26 


25 34 


25 42 


25 50 


25 59 


26 8 


26 18 


26 29 




28 


24 59 


25 7 


25 16 


25 27 


25 33 


25 40 


25 47 


25 54 


26 2 


26 II 


26 20 


26 29 


26 39 


26 50 




30 


25 18 


25 26 


25 35 


25 47 


25 53 


26 


26 7 


26 15 


26 23 


26 32 


26 40 


26 50 


27 I 


27 II 




32 


25 37 


25 45 


25 55 


26 6 


26 13 


26 20 


26 27 


26 35 


26 43 


26 52 


27 I 


27 II 


27 22 


27 33 




34 


25 56 


26 4 


26 14 


26 26 


26 33 


26 40 


26 47 


26 55 


27 4 


27 13 


27 22 


27 32 


27 43 


27 54 




36 


26 15 


26 24 


26 34 


26 46 


26 53 


27 


27 8 


27 16 


27 24 


27 34 


27 43 


27 53 


28 4 


28 16 




38 


26 34 


26 43 


26 53 


27 6 


27 12 


27 2027 28 


27 3^ 


27 44 27 54 


28 4 


28 14 


28 25 


28 37 




40 


26 53 


27 2 


27 13 


27 25 


27 32 


27 40 


27 48 


27 56 


28 5 


28 15 


28 25 


28 35 


28 47 


28 58 




42 


27 12 


27 21 


27 32 


27 45 


27 52 


27 59 


28 8 


28 16 


28 25 


28 35 


28 45 


28 56 


29 8 


29 20 




44 


27 31 


27 40 


27 51 


28 4 


28 12 


28 19 


28 28 


28 37 


28 46 28 56I29 6 


29 17 


29 29 


29 41 




46 


27 49 


27 59 


28 II 


28 24 


28 31 


28 39 


28 48 


28 57 


29 6 


29 16 


29 27 


29 38 


29 50 


30 2 




48 


28 8 


28 18 


28 30 


28 44 


28 51 


28 59 


29 8 


29 17 


29 26 


29 37 


29 48 


29 59 


30 II 


30 24 




50 


28 27 


28 37 


28 49 


29 3 


29 II 


29 19 


29 28 


29 37 


29 47 


29 57 


30 9 


30 20 


30 32 


30 45 




52 


28 45 


28 56 


29 8 


29 23 


29 30 


29 38 


29 48 


29 57 


30 7 


30 18 


30 29 


30 41 


30 53 


31 6 




54 


29 4 


29 14 


29 27 


29 42 


29 50 


29 58 


30 8 


30 17 


30 27 


30 38 


30 50 


31 2 


31 15 31 28 


' 


56 


29 22 


29 33 


29 46 


30 2 


30 10 


30 18 


30 28 


30 38 


30 48 


30 5931 II 


31 23 


31 3^^ 31 49 




58 


29 41 


29 52 


30 5 


30 21 


30 29 


30 38 


30 47 


30 58 


31 8 


31 1931 31 


31 44 


31 5732 10 




III 


29 59 


30 II 


30 24 


30 41 


30 49 


30 58 


31 7 


31 18 


31 29 


31 4031 52 


32 5 


32 18132 32 



5— Az 



IM 

Reduction to the Meridian and Azimutli Table near the Meridian below the Pole, 

^ « PBBSSI (MIRFAS). 



IT 



Lat. 



U 



m. 
U 



m. 
80 



82 I 84 



86 



m. 
44 



Rbductions. 



42 
46 
50 

54 
58 
62 
64 



1 
0-2 


* 
10 


1 
23 


1 

^'2 


6-3 


91 


107 


12-4 


1 
14-2 


161 


i8-2 


204 


22*' 8 


1 
252 


.7'8 


02 


10 


21 


3« 


5-9 


8-6 


100 


II-6 


13-3 


15-2 


171 


192 


21-4 


237 


261 


02 


09 


20 


30 


5*5 


80 


9*4 


io*9 


12-4 


142 


160 


178 


200 


222 


24-4 


0'2 


08 


1-8 


3'3 


5*1 


74 


87 


lo-i 


II-6 


13-2 


149 


167 


186 


206 


22-6 


02 


0-8 


17 


30 


47 


6-8 


80 


93 


107 


12*1 


137 


15-3 


171 


18-9 


20*8 


02 


07 


15 


27 


4'3 


6-2 


7*3 


8-4 


9-6 


1 10 


124 


139 


I5'5 


171 


18-9 


02 


0-6 


1*5 


2-6 


41 


5» 


6-9 


8-0 


91 


IO-4 


117 


131 


146 


162 


17-9 



Azimuths. 








42 


0-6 


46 


07 


50 


07 


54 


07 


5« 


07 


62 


07 


64 


07 



1*3 
13 
13 

13 
1*4 
1*4 
14 



1-9 
20 
20 

2-0 
20 
2-1 
2*1 



2-6 
2-6 
2-6 

27 
27 

2-8 
2-8 



3*2 

33 
33 

33 
34 
37 
35 



39 
3*9 
40 
40 

41 
4*2 
42 



4*2 
42 
43 

43 
4'4 
45 
4-6 



45 
4-6 
4-6 

47 
4-8 

49 
50 



49 
4'9 
49 
50 
5*1 
5-2 
53 



5*2 

5*2 
53 

5*3 
5*4 
5-6 

57 



5-5 
5*5 
5-6 

57 
5-8 

59 
60 



5-8 
5-8 
59 
60 
61 
6-3 
6-4 



6-2 
6-2 
6-2 

6-3 
6-5 
6-6 
67 



6-5 
6-5 
6-6 

67 
6-8 
7-0 
7'i 



6-8 
6-8 
6-9 
70 
7*1 
7*3 
7*4 



f 
305 
286 
267 

24-8 

22-8 
207 
19-6 



71 
72 
7-2 

7*3 
7*5 
77 
7-8 



Lat. 



I« 



46 



47 



m. 
48 



m. I m. 
49 I 50 



m. 
61 



64 



55 



57 



m. 
59 

















Reductions. 














42 
46 

50 


31*9 
299 
279 


333 
313 
292 


347 
326 
305 


362 

340 
31-8 


37-8 
355 
331 


393 
369 
345 


409 
384 
359 


425 
399 
373 


442 
41-5 
387 


45-8 
430 
402 


475 
44-6 

417 


49*2 
462 
432 


510 
479 
44-8 


52-8 
496 
46-4 


547 
51-4 
48-0 


54 
58 
60 
62 


25-9 
23-8 
22-8 

21*6 


27-1 
249 
238 
226 


283 
26*0 
248 
236 


295 
271 

25-9 
246 


307 
282 
27-0 
257 


320 
294 
281 
267 


333 
30-6 
292 
278 


34-6 
31-8 

304 
289 


359 
330 
316 
300 


37*3 
343 
328 
311 


387 
35-6 
340 
323 


401 
369 
35-2 
335 


416 
382 
365 
347 


430 
396 
37-8 
359 


44*5 
410 

391 
372 



Azimuths. 



4« 
46 

50 

54 
58 
62 












e 





^0 


• 














• 











73 


7-4 


7-6 


77 


7*9 


81 


8-a 


8-4 


8-6 


87 


8-9 


90 


92 


93 


9') 


7-3' 


7*5 


7-6 


7-8 


80 


81 


8-3 


S*4 


8-6 


8-8 


8-9 


91 


93 


94 


9-6 


7-4 


75 


77 


79 


81 


8-2 


8-4 


8-5 


87 


8-9 


90 


92 


93 


95 


97 


7'5 


77 


7-8 


8-0 


8-2 


8-3 


8-5 


87 


8-8 


90 


92 


9*3 


9*5 


9-6 


9-8 


7-6 


7-8 


8-0 


8-2 


8-3 


8-5 


87 


8-8 


90 


92 


93 


95 


97 


99 


100 


7-8 


80 


8-2 


8-4 


8-5 


87 


8-9 


91 


9'2 


94 


9-6 


9-8 


99 


lOI 


103 



565 
531 
496 

46-0 

423 
404 

384 



97 
97 
9-8 

lO'O 
IO-2 

io'4 



1 HOUR. 



m. 




"I 



m. 
6 



m. 
8 



u 



u 



12 



m. 
13 



14 



m. 
U 



Reductions. 





42 


.565 


58-4 


603 


62-3 


64-3 


66-3 


68-3 


44 


54-8 


566 


58-5 


604 


62-3 


643 


6b-3 


46 


531 


549 


567 


585 


604 


623 


b4-2 


48 


513 


53*1 


54-8 


566 


58-4 


602 


621 


50 


496 


51-3 


529 


547 


56-4 


582 


6o'o 


51 


487 


503 


520 


537 


55-4 


57*1 


58-9 


52 


47-8 


49-4 


511 


527 


54'4 


5b-i 


57-8 


53 


469 


48-5 


50- 1 


517 


534 


55'o 


567 


54 


460 


47-b 


49- 1 


507 


523 


540 


557 


55 


45-1 


466 


48-2 


497 


51 3 


529 


546 


56 


44-2 


457 


47-2 


487 


50-3 


51-8 


534 


57 


43*3 


447 


46-2 


477 


49-2 


507 


52-3 


58 


423 


437 


45-2 


46b 


48 I 


49b 


51-2 


59 


41-4 


42-8 


44*2 


45-6 


471 


485 


500 


60 


40-4 


41-8 


431 


44'5 


46*0 


474 


489 


6i 


394 


40- 8 


421 


43'5 


44'9 


4<^-3. 


477 


62 


38-4 


397 


410 


42-4 


437 


45-1 


4b5 



70-4 

68-3 



640 
6i-8 



72*5 
,703 

I 68-1 

'659 
636 

607 62-5 
596 61-4 
58-5 \ 6o-2 
57'4 ' 591 
56-2 I 57-9 
551 I 567 
53*9 55'5 
527 54-3 

51*5 531 
504 51-9 
49-1 506 

47"9 493 
Azimuths. 



74-6 


76-8 


790 


8i'.2 


83-5 


857 


72-4 


74*5 


76-6 


78-8 


809 


832 


70-1 


721 


74*2 


76-3 


78-4 


80-5 


b7-8 


69-8 


71-8 


73-8 


75-8 


77-9 


^5-5 


b7-4 


693 


71-3 


733 


75'3 


644 


66-2 


68- 1 


70*0 


720 


739 


632 


65-0 


669 


687 


707 


72-6 


620 


638 


656 


67-5 


69-3 


71-2 


bo-8 


626 


64-4 


66-2 


680 


699 


r. 


61-3 


631 


649 


667 


68- 5 


60T 


6i-8 


635 


6.V3 


67-1 


57-2 


58-8 


605 


62-2 


639 


657 


559 


57-5 


59'2 


609 


626 


643 


547 


56-2 


57-8 


59'5 


6i-i 


628 


53*4 


54*9 


56-5 


58-1 


597 


61-4 


521 


53-b 


551 


567 


58-3 


59*9 


508 


523 


53-8 


55-3 


568 


58-4 



42 

46 

50 

54 
58 
62 

































97 


9-8 


100 


10-2 


10-3 


IO-5 


106 


IO-8 


10 9 


ii-i 


97 


99 


lo-o 


10-2 


104 


105 


107 


IO-9 


no 


II-2 


9-8 


100 


102 


103 


TO-5 


10-6 


io'8 


no 


III 


11-3 


100 


IO-2 


10-3 


IO-5 


10-6 


10-8 


11 


ii-i 


ii'3 


II-5 


10-2 


103 


10-5 


107 


10-9 


ii-o 


II-2 


ir4 


n-5 


117 


10-4 


IO-6 


IO-8 


no 


III 


ll'2 


11-5 


117 


II-8 


n-8 



o I 

ii-3| 
II-3 

ii-4| 

II-6 
ii-9| 

12*2 ' 















n-4 


lib 


II-7 


II-9 


n-5 


117 


II-8 


I2-0 


II-6 


II-8 


II-9 


I2-I 


n-8 


120 


121 


12-3 


I2T 


12*2 


12-4 


12-5 


12-4 


12-5 


127 


12-9 



88*0 
85-4 

827 
800 
77"3 

759 
74-6 
732 
71-8 

703 
689 

67-5 
660 

64-5 
63-0 
61-5 
600 



120 
121 
12-3 

12-5 
127 
131 



127 
Reduction to the Meridian and Azimuth Table near the Meridian below the Pole. 

^ 1} URSiB MAJORIS. 



L.t. 1 •; 


m. 


"Tl 


m. 


m. m. 
20 24 


m. 


m. m. 1 m. 1 


m. 


m. ni. 1 m. 1 m. 


m. 1 


8 


12 1 


16 


26 


28 30 1 82 1 


34 


36 38 


40 


42 


44 1 








Reductions. | 


o 
42 


02 


10 


< 
23 


1 
4? 


6-3 


90 


IO-6 


123 


14-1 


i6-i 


I8-I 


20- 3 


22-6 


251 


1 
276 


303 


46 


02 


09 


21 


3-8 


59 


8-5 


100 


11-6 


133 


I5-I 


170 


19- 1 


21-3 


236 


26'0 


285 


50 


02 


09 


2*2 


3*5 


5'5 


80 


9-3 


IO-8 


12-4 


14-1 


15-9 


178 


199 


220 


24*3 


266 


54 


0*2 


08 


1-8 


3*3 


51 


7*4 


87 


100 


II-5 


131 


147 


165 


18-4 


204 


225 


247 


58 


0*2 


08 


17 


30 


47 


6-8 


80 


92 


106 


120 


13-6 


152 


170 


i8-8 


207 


227 


62 


02 


07 


1*5 


27 


4*3 


6-2 


7-2 


8-4 


9-6 


io"9 


12-3 


13-8 


i5'4 


171 


188 


206 


64 


0*2 


0-6 


i'5 


2-6 


4*1 


5-8 


6-9 


80 


91 


104 


117 


131 


146 


162 


17-8 


19-6 








Azimuths. | 










e 


0, 


































40 


06 


1-3 


19 


2-6 


3'2 


39 


42 


4*5 


4-8 


5-2 


5*5 


5-8 


61 


6-5 


6-8 


7-1 


50 


07 


1-3 


20 


2-6 


33 


3*9 


43 


4-6 


4-9 


52 


5-6 


5'9 


6-2 


6-5 


6-9 


72 


60 


07 


1-4 


21 


2-8 


3-4 


4'i 


4'5 


4-8 


5'i 


5-5 


5-8 


6-2 


6-5 


6-9 


72 


75 


64 


07 


1-4 


21 


2-8 


35 


42 


4-6 


4"9 


53 


5-6 


60 


6-3 


6-7 


7'i 


7-4 


7-8 


1 


La.. 1 S 


m. 


m. 1 


m. 


m. 1 m. 
49 1 50 


m. 


m. ■ 1 m. 


in. 1 m. 
54 1 55 


m. 


m. 1 m. 


m. 


m. 


46 


47 


48 


51 


52 1 53 


56 


57 1 58 


59 


60 








Reductions. 1 



42 


317 


33' I 


34-6 


36-1 


37-6 


39- 1 


407 


423 


44-0 


45-6 


47-3 


491 


50-8 


526 


54-4 


56-3 


46 


298 


3I-I 


325 


339 


35'3 


36-8 


382 


39-8 


413 


429 


44-5 


46-1 


477 


494 


5I-I 


529 


50 


27-8 


29- 1 


304 


317 


330 


34-4 


357 


37-2 


386 


40*1 


41-5 


431 


44-6 


46-2 


47-8 


494 


54 


25-8 


27-0 


282 


294 


306 


319 


332 


34-5 


35-8 


37'2 


386 


400 


41-4 


42-3 


44*4 


459 


58 


237 


248 


259 


270 


28-2 


29-3 


305 


317 


329 


342 


35-5 


36-8 


38-1 


39-4 


408 


42-2 


60 


227 


237 


247 


258 


26-9 


2S0 


29-1 


30-3 


31-5 


32-6 


339 


351 


36-4 


37-6 


390 


40-3 


62 


21*6 


22-6 


236 


246 


256 


266 


277 


28-8 


299 


311 


322 


33*4 


34-6 


35-8 


371 


383 


64 


205 


21-4 


223 


233 


242 


25-2 


26- 3 


27-3 


284 


294 


305 


31-6 


328 


339 


35-1 


363 








Azimuths. | 




















^0 





„o 


























40 


7-2 


7*4 


7-6 


77 


7'9 


8-0 


8-2 


8-4 


8-5 


87 


8-8 


9-0 


9-2 


93 


9'5 


9-6 


50 


74 


7*5 


77 


7-8 


80 


8-2 


8-3 


8-5 


87 


8-8 


90 


91 


93 


95 


96 


9-8 


60 


77 


7*9 


8-1 


8-2 


8-4 


8-6 


87 


8-9 


9-1 


93 


9-4 


9-6 


9-8 


99 


lOT 


103 


64 


79 


8-1 


8-3 


8-5 


8-6 


8-8 


9-0 


92 


9-3 


9*5 


97 


99 


lOI 


IO-2 


IO-4 


10-6 


"^ 1 


Lat. 


1 HOUR. 1 


m. 


m. 


m. 


m. 


X m. 1 m. 
4 1 5 


m. 


m. 


m. 


m. 1 m. 


m. 


m. 


m. 


m. 


m. 







1 


2 


3 


6 


7 


8 


9 1 10 


11 


12 


13 


14 


15 








Reductions. 



42 


56-3 


58-2 


60.1 


620 


640 


660 


68-0 


70-1 


1 
722 


74 '3 


76-4 


78-6 


8o'-8 


83-1 


85-4 


877 


44 


54'6 


56-4 


58-3 


6o-i 


620 


640 


660 


68-0 


70-0 


72-1 


74-2 


763 


78-4 


806 


82-8 


85-0 


46 


529 


54-6 


564 


583 


601 


620 


639 


65-8 


67-8 


69-8 


71-8 


739 


760 


78-1 


8o-2 


82-4 


48 


512 


529 


54-6 


564 


58-2 


6o'o 


6i-8 


637 


656 


676 


69-5 


7^'5 


735 


75-6 


776 


797 


50 


49*4 


511 


527 


54*4 


56-2 


58-0 


597 


6i-6 


63-4 


653 


67-2 


691 


7I-0 


73-0 


750 


77-0 


52 


477 


49-2 


509 


525 


54*2 


55-9 


57-6 


594 


6ii 


629 


64-8 


66-6 


68-5 


70-4 


72-3 


74*3 


53 


468 


483 


499 


51-5 


532 


548 


565 


583 


600 


6i-8 


636 


65-4 


67-2 


69-1 


71-0 


72-9 


54 


45'9 


47-4 


490 


506 


522 


53-8 


55-5 


57- 1 


58-9 


606 


62-3 


641 


65-9 


67-8 


696 


71-5 


55 


449 


46-5 


480 


495 


511 


527 


54-4 


560 


577 


59-4 


6i-i 


629 


646 


66*4 


68-3 


70-1 


56 


440 


455 


470 


48-5 


501 


517 


53*3 


549 


56-5 


582 


599 


6i-6 


63-3 


65-1 


66-9 


687 


57 


43*1 


44-6 


460 


47*5 


49-0 


50-6 


521 


537 


55*3 


57-0 


58-6 


603 


620 


637 


65-5 


67-2 


58 


422 


43-6 


450 


465 


480 


495 


510 


52-6 


54-1 


557 


57*3 


59'o 


607 


62-3 


641 


65-8 


59 


412 


426 


440 


45'5 


469 


484 


499 


51-4 


529 


54'5 


561 


577 


59' 3 


609 


626 


64-3 


60 


403 


41-6 


43-0 


44'4 


45-8 


47'3 


487 


50-2 


517 


532 


54-8 


563 


579 


59-5 


6i-2 


62-8 


61 


393 


40-6 


420 


433 


447 


46-1 


47'5 


490 


505 


51-9 


534 


550 


565 


58-1 


597 


61 -3 


62 


383 


39-6 


409 


42-3 


43-6 


45-0 


46-4 


47-8 


49'2 


507 


521 


53-6 


55-1 


567 


58-2 


59-8 


63 


37-3 


386 


39*9 


41-2 


42-5 


43-8 


45-2 


46-5 


47"9 


493 


508 


52-2 


537 


55*2 


567 


58-2 


.64 


363 


37*5 


38-8 


40- 


41-3 


426 


439 


45-3 


466 


480 


49-4 


50-8 


522 


537 


55-2 


567 








AZIMUTHS. 1 








0_ 














0^ 








e 





e 


e 





o„ 





42 


9-6 


9-8 


99 


lo-i 


io'3 


IO-4 


IO-6 


107 


IO-9 


III 


II-2 


114 


II-5 


117 


II-8 


120 


46 


97 


9-8 


100 


IO*2 


IO-3 


105 


10-6 


10-8 


no 


III 


II-3 


II-4 


II-6 


II-8 


II-9 


121 


50 


9-8 


100 


lO'I 


103 


io'4 


IO-6 


IO-8 


10*9 


III 


II'2 


11-4 


II-6 


117 


II-9 


I2-I 


12*2 


54 


99 


10* I 


1 io'3 


104 


10-6 


IO-8 


109 


II'I 


II-3 


11-4 


11-6 


II-8 


II-9 


121 


12*2 


12-4 


58 


102 


103 


IO-5 


107 


IO-8 


II'O 


II-2 


II-3 


II-5 


117 


II-8 


120 


12-2 


12-3 


12-5 


127 


62 


IO-4 


10-6 


IO-8 


10-9 


ii'i 


II-3 


II-5 


11-6 


II-8 


120 


121 


123 


12-5 


127 


12-8 


13-0 


64 


10*6 


107 


10-9 


III 


"•3 


II-5 


II-6 


11-8 


120 


12*2 


12-3 


12-5 


127 


12-9 


130 


132 



138 



Reduction to the Meridian and Azimuth Table near the Meridian below the Pole. 

lafi ^ ♦ URSJB MAJORIS. 



Lat. -. 


• m. 


m. 


m. 


m. 1 ni. 
20 1 24 


m. 


m. 


r^ 


82 1 84 


j m. 


m. 


m. 


m. 


rs-| 


8 


12 


16 


26 


28 


30 


1 86 


88 


40 


42 


i* 1 






Redpctions. 1 


3« 


02 


f 
09 


t 
20 


1 
37 


1 
57 


1 
8-2 


9-6 


ir2 


12-8 


14-6 


i6-5 


i8-5 


1 
206 


22-8 


252 


276 


42 


02 


09 


20 


35 


55 


7-8 


92 


106 


I2'2 


13-9 


157 


176 


196 


217 


239 


262 


46 


02 


0-8 


1-8 


33 


51 


7'4 


87 


lOT 


II-6 


13*2 


149 


167 


186 


20-6 


227 


249 


50 


02 


08 


17 


31 


4-8 


70 


8-2 


95 


io'9 


124 


140 


157 


175 


19-4 


214 


23-4 


54 


02 


07 


1-6 


29 


45 


6-6 


77 


8-9 


IO-2 


II-6 


131 


147 


164 


181 


200 


21-9 


58 


0-2 


07 


1-5 


27 


4'2 


61 


71 


8-3 


9'5 


IO-8 


12-2 


137 


152 


i6-8 


186 


203 


62 


01 


06 


1-4 


25 


39 


5-6 


6-5 


7-6 


87 


99 


IIT 


125 


139 


154 


170 


187 


64 


OI 


06 


1*3 


24 


37 


53 


6-2 


72 


8-3 


94 


10-6 


II-9 


133 


147 


162 


178 






Azimuths. | 
















o„ 





























o„ 





35 


06 


II 


17 


2-2 


2-8 


3'3 


3-6 


39 


41 


4'4 


47 


50 


5-2 


5*5 


5-8 


6t 


40 


06 


IT 


17 


2-2 


2-8 


33 


3-6 


39 


4'2 


4-4 


47 


50 


53 


55 


5-8 


61 


50 


06 


1*2 


17 


23 


29 


*3'5 


37 


40 


43 


4-6 


49 


52 


55 


5-8 


60 


6-3 


60 


06 


1-2 


1-9 


2-5 


3'i 


37 


40 


43 


4-6 


49 


52 


5-6 


59 


6-2 


6-5 


6-8 


64 


06 


1*3 


19 


2-6 


32 


3-8 


4'2 


4'5 


4-8 


51 


54 


5-8 


61 


6-4 


67 


71 


1 


Lat. 1 - 


111. 


m. 1 m. 


m. 1 m. 


111. j m. 1 ni. 


m. 1 rn. 


m. 


m. 1 m. 


m. 


m. 


46 


47 1 48 


49 1 50 


51 1 52 1 53 


54 1 55 


56 


57 1 58 


59 


60 






Reductions. 1 




38 


28-9 


302 


3I-5 


328 


342 


35-6 


37-0 


38-6 


400 


41-5 


43' I 


446 


462 


479 


49-5 


51-2 


42 


27-4 


287 


^299 


312 


325 


339 


35-2 


366 


380 


395 


410 


425 


440 


455 


47'i 


487 


46 


260 


272 


283 


29-6 


308 


321 


33'4 


347 


360 


374 


388 


40- 2 


41-6 


431 


44-6 


461 


50 


24-5 


256 


267 


279 


290 


302 


31-4 


327 


339 


352 


366 


379 


392 


406 


420 


435 


54 


229 


240 


250 


261 


272 


283 


294 


306 


31-8 


330 


342 


355 


368 


380 


394 


407 


56 


221 


231 


24- 1 


252 


262 


27-3 


28-4 


295 


307 


318 


330 


34*2 


35-5 


367 


380 


39*3 


58 


213 


222 


232 


24-2 


252 


263 


27-3 


28-4 


295 


306 


31-8 


32'9 


34-1 


35*3 


366 


37-8 


60 


204 


21-4 


223 


232 


242 


252 


262 


27*2 


283 


294 


305 


316 


327 


339 


35*1 


363 


62 


19-5 


204 


21'3 22-2 


232 


241 


251 


261 


27- 1 


281 


29- 1 


302 


31-3 


324 


335 


347 


64 


i8-6 


194 


203 1 2IT 


220 


229 


239 


24-8 


25-8 


26-8 


27-8 


288 


298 


309 


319 


330 






Azimuths. | 
































! 














35 


6-2 


6-3 


6-5 


6-6 


67 


6-9 


70 


71 


7"3 


7-4 


7-6 


77 


7-8 


80 


8t 


8-2 


40 


6-2 


6-4 


6-5 


6-6 


6-8 


6-9 


7'i 


7-2 


7'3 


7-5 


7-6 


77 


79 


80 


8-2 


8-3 


50 


6-5 


6-6 


6-8 


6-9 


7-0 


72 


73 


7'5 


7-6 


7-8 


7-9 


80 


8-2 


8-3 


8-5 


8-6 


60 


6-9 


7*1 


72 


7-4 


7-6 


77 


79 


80 


8-2 


8-3 


8-5 


8-6 


8-8 


8-9 


91 


92 


64 


72 


7"4 


7-5 


77 


7-9 


80 


8-2 


8-3 


8-5 


87 


8-8 


90 


91 


93 


94 


96 


1 


Lat. 






1 


HOUF 


1 


m. 1 m. 


m. 


m. 


m. 1 m. 
4 1 6 


m. 


~ln. ' 


m. 


m. 1 ni. m. 
9 1 10 11 


m. 


m. m. 1 m. 1 




1 1 


2 


3 


6 1 7 


8 


12 


13 14 1 15 1 






Reductions. | 


38 


51-2 


529 


54-6 


56-4 


58-2 


600 


619 


63-8 


657 


676 


696 


716 


73-6 


75-6 777 


79-8 


40 


499 


51-6 


53-3 


550 


56-8 


58-6 


604 


622 


64T 


660 


67-9 


69-8 


71-8 


73-8 ■ 75-8 


77-8 


42 


487 


503 


520 


537 


55-4 


57-1 


589 


606 


62-5 


64*3 


66-2 


68t 


70*0 


71-9 73-9 


75'9 


44 


47*4 


490 


506 


523 


539 


55-6 


57-3 


59-1 


6o-8 


626 


64-4 


66-3 


68-1 


700 720 


739 


46 


46- 1 


477 


492 


50-8 


525 


54-1 


55-8 


57-5 


592 


6o'9 


627 


64-5 


66-3 


681 . 700 


719 


48 


44-8 


463 


47-8 


49'4 


510 


52-6 


54-2 


55-8 


57-5 


59-2 


609 


626 


64-4 


66-2 ' 680 


699 


50 


435 


449 


46-4 


47'9 


49-5 


510 


526 


54-2 


55-8 


57"4 


59-1 


608 


62-5 


642 i 660 


678 


52 


421 


43"5 


45"o 


46-4 


47'9 


49-4 


509 


52-4 


54-0 


55-6 


57-2 


58-9 


605 


622 639 


657 


54 


407 


42T 


43*5 


449 


463 


47-8 


492 


507 


522 


53-8 


55'3 


569 


58-5 


602 618 


635 


55 


400 


41-3 


427 


44-1 


455 


469 


48-4 


49-8 


51-3 


528 


54"4 


55'9 


57*5 


591 607 


62-4 


56 


393 


40-6 


419 


43*3 


447 


461 


47'5 


48-9 


504 


51-9 


534 


54-9 


565 


580 ; 596 


612 


57 


385 


39-8 


4I-I 


425 


43-8 


45-2 


466 


48-0 


49-5 


509 


52-4 


539 


55-4 


569 585 


601 


58 


37-8 


39-1 


403 


416 


430 


44*3 


457 


47'i 


48-5 


499 


51-4 


52-8 


54-3 


55-8 : 57*4 


589 


59 


370 


38-3 


395 


408 


42-1 


43-4 


44-8 


46-1 


47'5 


48-9 


503 


51-8 


532 


547 562 


57-8 


60 


36-3 


37"5 


387 


400 


41-2 


42-5 


43-8 


45-2 


46-5 


479 


493 


507 


521 


536 55'i 


566 


61 


355 


367 


379 


39* I 


403 


41-6 


429 


442 


45'5 


469 


48-2 


496 


510 


524 53*9 


553 


62 


347 


35-8 


370 


382 


39-4 


407 


41-9 


432 


44'5 


45-8 


47*1 


48-5 


49-8 


51-2 , 526 


54-1 






Azimuths. | 















































e 





35 


8-2 


8-4 


8-5 


8-6 


8-8 


8-9 


90 


92 


9'3 


9'4 


9-6 


97 


9*9 


IO*0 


10 I 


102 


40 


8-3 


8-4 


8-6 


87 


8-8 


90 


9-1 


92 


9-4 


95 


97 


9-8 


99 


lOI 


102 


IO-3 


50 


8-6 


8-8 


8-9 


91 


92 


93 


95 


9-6 


97 


99 


100 


10-2 


103 


IO-5 


IO-6 


107 


60 


92 


9'4 


95 


97 


99 


100 


102 


IO-3 


10-5 


IO-6 


IO-8 


109 


IIT 


11*2 


II-4 


II-5 


62 


94 


9-6 


^■7 


9'9 


100 


102 


104 


105 


107 


IO-8 


no 


II-2 


11*3 


II-5 


n-6 


II-8 
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Reduction to the Meridian and Azimuth Table nMr the Mieridlan below the Pole. 

# DTTBHE. 



Lat. 



m. 

4 



m. 
8 



12 



m. I m. 
16 I 20 



m. 
84 



88 



m. 
40 



m. 
42 



Reductions. 



30 
40 

50 
60 
64 



1 




02 


0-8 


1-9 


1 

3'4 


5*3 


7-6 


103 


1 1 9 


13-5 


15-3 


t 


1 
190 


21*1 


23-2 





02 


08 


17 


3*1 


4-8 


6-9 


94 


IO-8 


12-2 


13-8 


15-5 


173 


I9-I 


2I-0 





0*2 


07 


1*5 


27 


42 


61 


«-3 


95 


IO-8 


12-3 


13-8 


15-3 


i6*9 


T87 





01 


Ob 


1-3 


2-3 


3-b 


5'2 


71 


81 


9-2 


10-4 


117 


130 


14-4 


159 





01 


05 


1-2 


21 


33 


4-8 


6-5 


75 


8-5 


9-6 


10-8 


120 


13-3 


147 



e 















































30 





05 


09 


1*4 


1-9 


2*3 


2-8 


32 


35 


37 


40 


42 


44 


4-6 


4 9 


40 





05 


I'O 


1*4 


19 


2*4 


29 


33 


3-6 


3-« 


4*1 


4-3 


4*5 


4-8 


5*o 


50 





0-5 


I'O 


1-5 


2-0 


2-5 


30 


3*5 


3-8 


4-0 


4"3 


4*5 


4-8 


50 


5*3 


60 





05 


I'l 


17 


2'2 


2-8 


3*3 


3*9 


4-1 


44 


47 


50 


5*2 


55 


5-8 


64 





06 


1-2 


17 


2*3 


29 


3*5 


40 


43 


4-6 


4-9 


5*2 


5-5 


5-8 


6-1 



255 
231 

20-5 

174 
161 



51 
52 

5*5 
61 
6-3 



Lat. 



U 



46 



47 



m. 
48 



11 



51 



52 



53 



mI 



55 



m. 
56 



67 



58 



m. 
59 



m. 
60 



Reductions. 



28 
32 
36 
40 

44 
48 
52 
56 
60 
64 



30 
40 
50 
60 
64 



272 


28-4 


296 


309 


322 


33-5 


349 


36-2 


37-6 


391 


40-5 


420 


43-5 


450 


46-6 


262 


27-3 


28-5 


298 


310 


323 


33-6 


349 


363 


37'^ 


390 


405 


41-9 


43*4 


44*9 


252 


26-3 


27-4 


28-6 


29-8 


310 


323 


33t> 


34-9 


3b-2 


37-5 


38-9 


403 


417 


43*2 


24-1 


252 


26-3 


27-4 


28-6 


298 


310 


322 


33'4 


347 


36-0 


37*3 


387 


40*0 


41-4 


231 


24- 1 


252 


262 


273 


28-5 


296 


30-8 


32-0 


332 


34*4 


357 


370 


38-3 


39-6 


220 


230 


24-0 


25-0 


260 


27-1 


28-2 


29-3 


30-5 


3^-6 


328 


3ro 


35-2 


36-4 


377 


20-8 


217 


227 


237 


24-6 


257 


267 


27-8 


28-8 


299 


31-0 


322 


333 


345 


357 


19-6 


204 


213 


22-2 


232 


241 


25-1 


26-1 


27-1 


28-1 


292 


30-3 


31-3 


325 


33-6 


i8-2 


190 


199 


207 


21*6 


225 


23-4 


24-3 


25-3 


262 


27-2 


282 


29-2 


302 


31-3 


16-8 


175 


i8-3 


191 


199 


207 


21'5 


22-4 


232 


241 


250 


259 


269 


27-8 


28-8 



Azimuths. 
























Q 























52 


53 


55 


5-6 


57 


5-8 


5-9 


60 


61 


6-3 


6-4 


6-5 


6-6 


67 


6-8 


53 


5*5 


5-6 


57 


5-8 


5'9 


6-1 


6-2 


6-3 


6-4 


6-5 


6-6 


6-8 


6-9 


7-0 


5-6 


5-8 


5*9 


60 


6-2 


6-3 


6-4 


6-5 


67 


6-8 


6-9 


70 


7-1 


7*3 


7*4 


6-2 


6-3 


6-5 


6-6 


67 


6-9 


70 


7'^ 


73 


7-4 


7-6 


77 


7-8 


80 


8-1 


6-5 


67 


6-8 


6-9 


7-1 


7-2 


7-3 


7*5 


7-6 


7-8 


7-9 


81 


8-2 


8-4 


8-5 



48-2 
46-4 

44'6 
42-8 
410 

390 
36-9 
347 
323 
29-8 



6-9 
71 

7'5 
8-2 

87 



Lat. 



1 HOUR. 



m. 




m. 

1 



"I 



m. 
6 



m. 
7 



I m. 
I 10 



11 



m. 
12 



14 



15 



Reductions. 



28 


48-2 


49-8 


51*4 


30 


47*3 


48-9 


50-5 


32 


46-4 


480 


49*5 


34 


45'5 


47-1 


48-6 


36 


446 


461 


477 


38 


437 


45'2 


467 


40 


42-8 


44 3 


457 


42 


41-9 


433 


447 


44 


410 


423 


437 


46 


400 


413 


427 


48 


39-0 


403 


41-6 


50 


380 


39-2 


40-5 


52 


369 


382 


39-4 


54 


35-8 


37*1 


38-3 


56 


347 


35-9 


37-1 


58 


33-6 


347 


35-8 


60 


323 


334 


34*5 


62 


3I-I 


32-1 


33-2 


64 


29-8 


307 


31-8 



53-1 
52-1 
51-2 
50*2 
49*2 
48-2 
47*2 
46-8 

45-1 
44-1 

430 
41-9 
407 
395 
38-3 
370 
357 
34*3 
32-8 



54-8 
53-8 
52-8 
51-8 
508 

49-8 
487 
47-6 
466 
45*5 

i44'4 

I 43-2 

I 42*2 

I 40-8 

39*5 

38-2 

36-8 

35*3 
33-8 



56-5 


58-2 


600 


6i-8 


636 


65-4 


67-3 


69-2 


7ri 


73'i 


55*5 


57-2 


58-9 


607 


62-5 


643 


66-1 


68-0 


69-8 


717 


544 


561 


57-8 


595 


6i-3 


63-1 


64-9 


670 


68-5 


70-4 


534 


55-0 


567 


58-4 


6o-i 


61-9 


63-6 


65-4 


67-2 


69-1 


52-4 


540 


55-6 


57'3 


590 


607 


62-4 


64-2 


65-9 


677 


51-3 


52-9 


54-5 


56-1 


57-8 


59'4 


6i-i 


62*9 


64-6 


66-4 


502 


51-8 


533 


54'9 


56-6 


58-2 


59*9 


6i-5 


63-2 


650 


49- 1 


507 


52-2 


53-8 


55-3 


56-9 


58-6 


602 


6i*9 


63-6 


48-0 


49-5 


5I-0 


52-5 


54-1 


557 


57*3 


58-9 


bo-5 


62-2 


469 


48-3 


49-8 


51-3 


52-8 


54-4 


55'9 


57-5 


59*1 


60-7 


457 


47'i 


486 


50'o 


51-5 


530 


54-5 


56-1 


57-6 


59-2 


44-5 


45-9 


47*3 


487 


50- 2 


51-6 


531 


54-b 


5b- 1 


577 


43"3 


447 


460 


474 


48-8 


50-2 


51-6 


53-1 


54-6 


56-1 


420 


43-3 


447 


46*0 


47'4 


487 


501 


5^'5 


53-0 


54-4 


407 


42-0 


43-3 


44b 


45*9 


47*2 


48b 


499 


51-3 


527 


394 


406 


41-8 


43-1 


44*3 


45-6 


46*9 


48-3 


49-6 


51-0 


37-9 


39-1 


40-3 


41-5 


427 


44-0 


45-2 


4b-5 


47-8 


49-1 


3b- 5 


37-b 


387 


399 


4I-I 


42-3 


43-5 


447 


45*9 


47-2 


34*9 


360 


37-1 


38-2 


393 


40-4 


4i-b 


428 


44-0 


45-2 



Azimuths. 



30 
40 
50 
60 
64 
















































6-9 


71 


78 


7*3 


7*4 


7*5 


7-6 


77 


7-8 


80 


8-1 


8-2 


8-3 


8-4 


8-5 


7*1 


7*2 


7-3 


rs 


7-6 


77 


7-8 


79 


80 


8-2 


8-3 


8-4 


8-5 


8-6 


87 


7-5 


7-6 


7-8 


7*9 


80 


81 


8-3 


8-4 


8-5 


8-6 


8-8 


8-9 


9-0 


91 


93 


8-2 


8-4 


8-5 


87 


8-8 


8-9 


91 


9-2 


93 


9*5 


9b 


9-8 


9*9 


lO'O 


IO-2 


87 


8-8 


8-9 


9-1 


9*2 


9*4 


95 


97 


9-8 


100 


lO-I 


IO-2 


104 


IO-5 


IO-7 



75*o 
737 
723 
71*0 
69-6 

68-2 
66-8 

653 
63-8 
62-3 

60-8 
59'2 
57*6 
55*9 
54*2 

52-4 
50-5 
48-5 
46-4 



8-6 

8-8 

9*4 
10-3 
IO-8 
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Tnie Bearing of i^ Dnbhe at Houi^angles 1 Hoar 16 Minates to 3 Hours from 

Lower Transit. 



B^w 




LATITUDES. 






Pole. 
Hoar- 








1 


MP tt" 


MP 


iOP 


11* 


4IP 


4tP 


41* 


^ 


n* 


M* 


MP 


M> 


60P 


angles. 




























B.M. 


§43 




i 


1 


1 


/ 


i ; J 


1 


1 


1 


1 


« 


® '/: 


1 i6 


846 


851 


8 58 


9 3 


9 8 


9 15 9 22 


9 3o| 9 39 


9 49 


10 


10 12 


10 26 


i8 


857 


8 59^ 9 4 


9 12 


9 17 


9 23 


9 29 9 36 


9 45i 9 54 


10 4 


10 16 


10 28 


10 42 


20 


9 10 


9 13! 9 18 


9 26 


9 31 


9 37 


9 44 9 51 


10 ojio 9 


10 20 


10 31 


10 44 


10 59 


22 


9 23 


9 26 9 31 


9 40 


9 45 


9 51 


9 58 10 6 


10 14 


TO 24 


10 35 


lo 47 


II 


II 15 


24 


9 37 


i 
9 40| 9 45 


9 53 


9 59 


10 5 


10 12 10 20 


10 29 


10 39 


10 50 


II 3 


II 16 


"^« 


26 


9 50 


9 53 9 58 


ID 7 


10 1310 19 


10 2610 35 


10 4410 54 


II 6 


II 18 


II 32 


II 48 


28 


10 3 


10 610 12 


ID 21 


10 27,10 33 


10 41 10 49 


10 59.11 9 


II 21 


11 34 


II 48 


12 4 


30 


10 16 


10 19 10 25 


10 35 


10 41 


10 47 


lo 55 II 4 


II 14 


II 24 


II 36 


II 50 


12 4 


12 20 


32 


10 30 


10 3310 39 


10 48 


10 54 


II I 


II 911 18 


II 28 


II 39 


II 51 


12 5 


12 20 


12 36 


34 


ID 43 


10 46 10 52 


II 2 


II 811 15I11 24 II 32 


II 43 II 54 


12 7 


12 21 


12 36 


12 53 


36 


10 56 


10 59 II 6 


II 16 


II 22 II 29 


II 37 II 47 


II 57.12 9 


12 22 


12 36 


12 51 


13 9 


38 


II 9 


II 12 II 19 


II 29 


II 36 II 43 


II 5212 I 


12 12 


12 24 


12 37 


12 52 


13 8 


13 25 


40 


II 22 


II 25iii 33 


II 43 


II 50 II 57 


12 612 16 


12 26 


12 39 


12 52 


13 7 


13 23 


13 41 


42 


" 35 


II 38,11 46 


II 57 


12 312 II 


12 2012 30 


12 41 


12 54 


13 8 


13 23 


13 39 


13 58 


44 


II 48 


II 5211 59 


12 10 


12 17 12 25 


12 34;i2 44 


12 55 


13 8 


13 22 


13 38 


13 55 


14 14 


46 


12 I 


12 512 12 


12 24 


12 31 12 39)12 48,12 59 


13 10 


13 23 


13 38 


13 54 


14 II 


14 30 


.48 


12 13 


12 18 12 25 


12 37 


12 4412 53 


13 2 13 13 


13 25 


1338 


13 53 


14 9 


14 27 


.14 47 


50 


12 26 


12 31 12 39 


12 50 


12 5813 7 


13 16,13 27 


13 39 


'3 53 


14 8 


14 25 


1442 


15 3 


52 


12 39 


12 4^112 52 


13 4 


13 12I13 20 


13 3013 41 


13 54 


14 8 


14 23 


14 41 


14 58 


15 19 


54 


12 52 


12 5613 5 


13 17 


13 25 


13 34 


13 44!i3 56 


14 8 14 22 


H 38 


14 55 


15 14 


15 35 


56 


13 4 


13 9,13 18 


13 31 


13 39 


13 48 


13 58,14 10 


14 23 14 37 


14 53 


15 II 


15 30 


15 51 


58 


13 17 


13 2213 31 


13 44 


13 52 


14 2 


14 12 14 24 


14 37 


14 52 


15 8 


15 26 


15 45 


16 7 


II 


13 30 


13 35 


13 44 


13 57 


14 6 


14 15 


14 2614 38 


14 51 


15 6 


15 23 


15 41 


16 I 


16 23 


2 


13 42 


13 48 


13 57 


14 II 


14 19 


14 29 


14 4014 52 


15 6 


15 21 


15 38 


15 56 


16 17 


16 40 


4 


13 55 


14 


14 10 


14 24 


14 33 


H 43 


14 54;i5 6 


15 20 


15 36 


15 53 


16 12 


16 33 


16 56 


6 


14 7 


14 13 


14 23 


14 37 


14 46 


14 56 


15 9,15 21 


15 35 


15 50 


16 8 


16 27 


16 48 


17 12 


8 


14 19 


14 25 


14 36 


14 50 


14 59 


15 10 


15 2215 35 


15 49 


16 5 


16 23 


16 43 


17 4 


17 28 


10 


14 32 


14 38 


14 48 


15 4 


15 13 


15 23 


15 35 15 49 


16 3 


16 19 


16 38 


16 58 


17 20 


17 44 


12 


14 44 


14 5015 I 


15 17 


15 26 


15 37 


15 49^6 3 


16 18 


16 34 


16 53 


17 13 


17 36 


18 


14 


14 57 


15 3 15 14 


15 30 


15 39 


15 50 


16 3'i6 16 


t6 32 


16 49 


17 7 


17 28 


17 51 


18 16 


16 


15 9 


15 16 


15 27 


15 43 


15 52 


16 4 


16 16 


16 30 


16 46 


17 3 


17 22 


17 43 


18 7 


18 32 


18 


15 21 


15 28 


15 39 


15 55 


16 6 


16 17 


16 30 


r6 44 


17 


17 18 


17 37 


17 58 


18 22 


18 48 


20 


15 33 


15 40 


15 52 


16 8 


16 19 


16 30 


16 44 


16 58 


17 14 


17 32 


17 52 


18 14 


18 38 


19 4 


22 


15 45 


15 52 


16 .4 


16 21 


16 32 


16 44 


16 57 


17 12 


17 28 


17 47 


18 7 


18 29 


1853 


19 20 


24 


15 57 


16 4 


16 17 


16 35 


16 45 


16 57 


17 II 


17 26 


17 43 


18 I 


18 22 


18 44 


19 9 


19 36 


26 


16 9 


16 17 


16 29 


16 47 


16 58 


17 10 


17 24 


17 40 


17 57 


18 16 


18 36 


18 59 


19 24 


19 52 


28 


16 21 


16 29 


16 42 


17 


17 II 


17 23 


17 37 


17 53 


18 10 


18 30 


18 51 


19 15 


19 40 


20 8 


30 


16 32 


16 41 


16 54 


17 12 


17 24 


17 37 


17 52 


18 7 


18 25 


18 44 


19 6 


19 30 


19 56 


20 24 


32 


16 44 


16 53 


17 7 


17 25 


17 37 


17 50 


18 4 


18 21 


18 39 


18 59 


19 20 


19 45 


20 II 


20 40 


34 


16 56 


17 5 


17 19 


17 38 


17 50 


18 3 


18 18 


18 34 


18 53 


19 13 


19 35 


20 


20 26 


20 56 


36 


17 8 


17 17 


17 31 


17 51 


18 3 


18 16 


18 31 


18 48 


19 6 


19 27 


19 50 


20 15 


20 42 


21 12 


38 


17 19 


17 29 


17 43 


18 3 


18 15 


18 29 


18 44 


19 2 


19 21 


19 41 


20 4 


20 30 


20 57 


21 27 


40 


17 31 


17 41 


17 55 


18 16 


18 28 


18 42 


18 58 


19 15 


19 35 


19 56 


20 19 


10 45 


21 14 


21 44 


42 


17 42 


17 52 


18 7 


18 28 


18 40 


18 55 


19 II 


19 29 


19 48 


20 10 


20 33 


21 


21 28 


21 59 


44 


17 54 


18 4 


18 19 


18 41 


18 54 


19 8 


19 24 


19 42 


20 2 


20 24 


20 48 


21 15 


21 44 


22 15 


46 


18 5 


18 16 


18 31 


18 53 


19 6 


19 21 


19 37 


19 56 


20 16 


20 38 


21 3 


21 29 


21 59 


22 31 


48 


18 17 


18 27 


18 44 


19 6 


19 19 


19 34 


19 51 


20 10 


20 29 


20 53 


21 18 


21 45 


22 14 


22 47 


50 


18 28 


18 39 


18 55 


19 18 


19 31 


19 47 


20 4 


20 23 


20 43 


21 6 


21 32 


21 59 


22 29 


23 2 


52 


18 39 


18 51 


19 8 


19 31 


19 44 


19 59 


20 17 


20 36 


20*57 


21 20 


21 46 


22 14 


22 45 


23 18 


54 


18 50 


19 2 


19 19 


19 43 


19 56 


20 12 


20 30 


20 49 


21 II 


21 34 


22 


22 29 


23 


23 34 


56 


19 I 


19 13 


19 31 


19 55 


20 9 


20 25 


20 43 


21 4 


21 24 


21 48 


22 14 


22 44 


23 15 


23 50 


...58 


19 12 


19 25 


19 43 


20 7 


20 21 


20 38 


20 56 


21 16 


21 38 


22 2 


22 29 


22 58 


23 30 


24 5 


III 


19 23 


19 36 


19 54 


20 19 


20 34 


20 50 


21 9 


21 29 


21 51 


22 16 


22 43 


23 13 


23 45 


24 21 



131 
Reduction to the^ Meridian Table for * Polaris. 



AT HOUR-ANGLES FROM UPPER MERIDIAN. 

Add Reduction to obtain Meridian Altitude. 



X 


LATITUDES. 1 


IC" 


20«» 


W> 


iltP 


ro» 


W> 


H. M. 


1 


* 


/ 


1 


e # 


t 


lo 


o-i 


01 


o-i 


O'l 


O-I 


01 


20 


0-3 


0*3 


03 


03 


03 


0-3 


30 


0-6 


06 


06 


0-6 


0-6 


06 


40 


i-i 


1*1 


11 


i-i 


I-I 


I-I 


50 


17 


17 


17 


17 


17 


17 


1 


2-4 


2-4 


2*4 


2*4 


2-5 


2-5 


10 


33 


33 


3*3 


33 


3*3 


34 


20 


4-3 


43 


4'3 


43 


44 


44 


30 


5*4 


5'4 


5*4 


5*4 


5'5 


55 


40 


6-6 


6-6 


67 


67 


67 


6-8 


50 


80 


80 


8-0 


8-0 


8-1 


8-2 


II 


9*5 


9*5 


9*5 


9-6 


97 


9-8 


10 


no 


ii-i 


II-2 


11-2 


II-3 


II-4 


20 


12-8 


12-8 


129 


12-9 


130 


13-2 


30 


14b 


146 


147 


14-8 


14-9 


150 


40 


16-5 


i6'6 


167 


167 


i6-8 


17-0 


50 


i8-6 


i8-6 


187 


i8-8 


18-9 


191 


III 


207 


208 


20-8 


20-9 


21*1 


21-3 


10 


229 


230 


23-1 


232 


233 


23-5 


20 


25-2 


253 


254 


255 


257 


25-9 


30 


276 


277 


27-8 


27-9 


28- 1 


28-4 


40 


30- 1 


302 


303 


30-4 


30-6 


309 


50 


327 


32-8 


329 


330 


332 


335 


IV 


35'3 


354 


35*5 


357 


35*9 


362 


10 


380 


381 


38-2 


38-4 


386 


38-9 


20 


408 


409 


41-0 


412 


41-4 


417 


30 


43-b 


437 


439 


440 


44-2 


44-6 


40 


465 


466 


467 


469 


47' I 


47'4 


50 


494 


49*5 


49-6 


49-8 


50- 1 


504 


V 


523 


524 


52-6 


52-8 


530 


53-3 


10 


55*3 


554 


55-6 


55-8 


560 


563 


20 


583 


58-5 


58-6 


58-8 


59-0 


59*4 


30 


I 1-4 


I 15 


I 17 


I 1-8 


I 21 


I 2t; 


40 


I 44 


I 45 


I 47 


I 4-9 


I 5-1 


I 5-5 


50 


I 7-5 


I 7-6 


I 7'« 


I 80 


I 8-2 


I 8-6 


VI 


I iO'6 


I io*7 


I IO-8 


I II"0 


I II-3 


I 117 



AT HOUR-ANGLES FROM LOWER MERIDIAN. 

Subtract Reduction to obtain Meridian Altitude. 



> 9 



II 



o-o 

O'l 
O-I 
0-2 
02 
03 
03 

o"4 

05 
05 
07 
07 

0-8 

09 
10 
I'l 
12 
13 
14 

1*5 
1-6 

17 
1-9 
20 
2-1 

2*2 
24 

2-5 
2-6 
2-8 

29 
31 



•s. 






LATITUDES. 






9 














» 


IXP 


200 


80P 


40° 


6(P 


6V> 


H. M. 


f 


i 


1 


1 


« 


/ 


10 


O-I 


O'l 


O-I 


O-I 


O'l 


O-I 


20 


03 


03 


0-3 


03 


03 


03 


30 


0-6 


0-6 


0-6 


0-6 


06 


0-6 


40 


I'l 


I-I 


I-I 


I'l 


I-I 


10 


50 


17 


17 


17 


17 


17 


1-6 


1 


2*4 


24 


2*4 


2*4 


2-3 


2-3 


10 


3*3 


32 


3-2 


3-2 


32 


3-1 


20 


4-2 


42 


4*2 


4-2 


41 


41 


30 


5-3 


5*3 


53 


5*3 


52 


52 


40 


6-6 


6-6 


6-5 


6-5 


6-4 


6-4 


50 


79 


79 


79 


7-8 


7-8 


77 


II 


94 


9*4 


9*3 


93 


92 


9-1 


10 


no 


109 


10*9 


10-9 


IO-8 


107 


20 


127 


12-6 


12-6 


12-5 


12-5 


123 


30 


14-5 


14-5 


144 


143 


142 


14-1 


40 


16-4 


16-4 


i6-3 


162 


16-1 


160 


50 


i8-5 


i8-4 


i8-3 


18-2 


i8-i 


180 


III 


20-6 


20-5 


20-4 


203 


20-2 


200 


10 


22-8 


22-7 


22-6 


22-5 


22-4 


222 


20 


251 


25*0 


249 


248 


247 


24-5 


30 


27-5 


274 


27-3 


272 


27-0 


268 


40 


299 


299 


29-8 


29-6 


295 


292 


50 


325 


32-4 


323 


32-2 


320 


317 


IV 


351 


35-0 


34*9 


34-8 


34-6 


34-3 


10 


37-8 


377 


37-6 


37*4 


372 


369 


20 


40-6 


40-5 


403 


40-2 


400 


397 


30 


43'4 


43*3 


43-1 


430 


428 


42-4 


40 


46-2 


46-1 


46-0 


45-8 


45'b 


45-2 


50 


49-1 


490 


489 


487 


48-5 


48-1 


V 


52-1 


52-0 


51-8 


516 


51-4 


510 


10 


55*1 


54*9 


54-8 


54-6 


54-4 


540 


20 


58-1 


580 


57-8 


57-6 


57*4 


570 


30 


I I-I 


I 10 


I 0-8 


I 0-6 


I 0-4 


I 00 


40 


I 4-2 


I 40 


i» 3-9 


I 37 


I 3*4 


I 3*1 


50 


I 7-2 


I 7-1 


I 70 


I 6-8 


I 6-5 


I 61 


VI 


I 103 


I IO'2 


I lO'O 


I 9*8 


I 9-6 


I 92 



For Azimuths of M Polaris see page 6x. 

Examples in the Use of the above Table. 
Example i.— On April 2nd, 1914, at 3h. 30m. a.m., A.T. Sp. in latitude by D.R. 40** 15' N., 
longitude 11° W. Required the approximate altitude of ^ Polaris for setting the sextant for an 
^observation to obtain the latitude. Height of eye, 40 ft. 

H. M. o / o / 

Mer.pass. of ^ in 1910 (p. 112) o 44 a.m. below Pole. 
Cor. for 4 years (see p. 109) + 2 



Mer. pass, in 1914 
Time at ship 

H.A. (below Pole) 



o 46 a.m. 
3 30 a.m. 

2 44 gives reduction 16*7. 



H.M. / / M. I 

Reduction at 2 40 = 16*2 -2x4 = + -8 

Cor. + '5 7 X '4 var. in 4 years = - -3 



Lat. by D.R. 40 15 N. 
P.D. of* - I 9a 


*'s Dl. 
P.D. 


88 50-8 N. 
90 0*0 


Mer. alt. 39 5*8 
40 ft. cor. (p. 60) + 7*2 

39 i3'o 
Reduction + 17 


I 9-2 N. 


Alt. for sextant 39 30 N. 





True reduction 



167 



+ -5 



Example 2.— On April 2nd, 1914, at 3h. 35m. a.m., A.T. Sp. in latitude by D.R. ^o® 15' N., 
longitude 11° W. Observed altitude of * Polaris was found to be 39° 40' N. Height of eye, 40 ft. 
Required the latitude. 

. . M. M. 

Reduction i8'o 

Cor. for 4 years — -3 

True reduction 17*7 



Obsd. alt. of * 
Eye, 40 ft. (cor. p. 60) 


37 40 N 
- 7-a 


H.M. 

Mer. pass, of * in 1914 46 a.m 
Time of observation 3 35 a.m. 


Reduction 

Mer. alt. (below Pole) 
P. dist. in 1914 


39 32-S 
- 177 

39 I5t 

I 9'2 


H.A. (below Pole) 2 49 gives 


Latitude 


40 24-3 N. 
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Reduction to the Meridian and Azimuth Table near the Meridian iielow tlie Pole» 

* CANOPUS. 



-1 


m. 


m. 


m. 


m. 


m. 1 m. 
20 1 24 


m. 


m. 


in. m. m. 
80 82 84 


m. 


m. 1 


m. 


m. 


mi 


4 


8 


12 


16 


28 


28 


88 


» 


40 


42 


M 1 












Reductions. 1 


o 

38 


02 


I'O 


2-2 


40 


63 


90 


IO-6 


12-3 


1 
141 


i6-o 


181 


1 
20-2 


22-5 


250 


275 


/ 
30-2 


40 


02 


10 


2*2 


3'9 


6x 


8-8 


iO'3 


11-9 


137 


15-5 


17*5 


197 


21-9 


24- 1 


268 


29-4 


44 


02 


09 


21 


37 


57 


8-3 


.9-6 


II-3 


12-9 


147 


16.6 


186 


207 


230 


253 


277 


48 


0-2 


09 


20 


35 


5-4 


7-8 


92 


IO-6 


12-2 


13-8 


156 


175 


195 


21'6 


238 


26- 1 


50 


02 


08 


19 


33 


52 


75 


8-9 


IO-3 


11-8 


134 


151 


170 


18-9 


210 


23- 1 


253 


56 


02 


0-8 


17 


30 


47 


6-8 


79 


92 


105 


120 


13-5 


152 


16-9 


187 


206 


227 


60 


02 


07 


1-5 


2-8 


43 


6-2 


73 


8-5 


97 


no 


12-4 


140 


15-5 


17-2 


190 


20-8 












Azimuths. \ 


o„ 








0^ 




















o„ 




















38 


06 


1-2 


1-8 


2*4 


30 


r6 


3'9 


42 


4-5 


4-8 


5*2 


54 


57 


61 


6-4 


67 


40 


06 


1*2 


1-8 


2-4 


30 


36 


40 


4-2 


4-6 


49 


52 


5*5 


5-8 


61 


6-4 


67 


50 


0-6 


1-2 


1-9 


25 


3-1 


37 


40 


44 


47 


50 


53 


5-6 


59 


6-2 


6-5 


6-8 


60 


07 


i'3 


20 


2-6 


3*3 


40 


4*3 


4-6 


49 


53 


5-6 


5'9 


6-2 


6-6 


6-9 


72 


i 


Lat. 


m. 
45 


m. 


m. 


in. 


m. 1 m. 


m. 


m. 


m. 


m. 1 m. 
54 1 55 


m. 


m. 


m. 


m. 


m. i 


46 


47 


48 


49 1 50 


51 


52 


53 


56 


57 


58 


59 


60 1 












Reductions. f 

1 1 1 1 I 1 1 1 1 f ( 


38 


3i'-6 


330 


344 


359 


37'4 


390 


405 


421 


43-8 


45*4 


471 


488 


506 


524 


54-2 


560 


40 


307 


321 


335 


350 


364 


379 


39-4 


410 


426 


442 


45-8 


475 


492 


510 


527 


54-5 


42 


299 


31-3 


326 


340 


354 


369 


384 


399 


414 


43*0 


44-6 


462 


479 


496 


51-3 


530 


44 


290 


300 


317 


330 


344 


35-8 


37*3 


387 


40"2 


418 


433 


44*9 


465 


481 


49-8 


515 


46 


28-2 


29-4 


307 


320 


334 


34-8 


362 


37-6 


39- 1 


40-5 


42-1 


43-6 


45-2 


467 


48-4 


500 


48 


27-3 


286 


298 


311 


323 


337 


350 


36-4 


37-8 


393 


407 


422 


437 


45-3 


469 


485 


50 


26-4 


276 


288 


300 


31-3 


326 


339 


353 


366 


38-0 


39-4 


409 


423 


43-8 


45*3 


469 


52 


255 


267 


27-8 


290 


303 


315 


328 


34-1 


35-4 


367 


38-1 


395 


409 


42-3 


43-8 


453 


54 


24*6 


257 


26-9 


280 


292 


30-4 


316 


328 


34-1 


354 


367 


381 


394 


408 


422 


437 


56 


237 


247 


^5'c 


269 


281 


292 


304 


316 


328 


34" I 


35*3 


366 


379 


39-3 


406 


420 


58 


227 


237 


24-8 


259 


269 


280 


292 


303 


31-5 


327 


339 


352 


364 


377 


390 


403 


60 


21-8 


227 


237 


247 


258 


26-8 


279 


290 


301 131-3 


32*5 


33-6 


34-8 


361 


37' 3 


386 












Azimuths. | 





















































38 


6-8 


6-9 


7-1 


7-2 


7'4 


7-6 


77 


79 


8-0 


8-2 


8-3 


8-4 


8-6 


8-8 


•8-9 


90 


40 


6-8 


6-9 


7*1 


7'3 


74 


7-6 


77 


T^ 


80 


8-2 


8-3 


8-4 


8-6 


8-8 


8-9 


91 


' 50 


70 


7-1 


7-3 


7*4 


7-6 


7-8 


7-9 


8-1 


8-2 


8-4 


8-5 


87 


8-8 


90 


91 


9*3 


60 


7-4 


7*5 


77 


7-9 


8-1 


8-2 


8-4 


8-5 


87 


8-9 


90 


92 


9-4 


95 


97 


9-8 


1 


Lat. 










1 HOUR. 1 


m. 


m. 


m. 


m. 


m. 1 m. 
4 1 6 


m. 


m. 


m. 


m. 1 m. 
9 1 10 


m. 


m. 


m. 


m. 


m. 







1 


2 


8 


6 


7 


8 


11 


12 


13 


14 


15 












Reductions. 1 


is 


56-0 


57'9 


59-8 


617 


637 


657 


677 


698 


71-8 


739 


76-1 


78-3 


805 


827 


850 


87-3 


40 


54*5 


563 


58-2 


6o-i 


620 


639 


65-9 


679 


699 


720 


74-1 


76*2 


78-3 


805 


827 


85-0 


42 


53-0 


54-8 


56-6 


58-4 


6o-3 


622 


641 


660 


68-0 


70-0 


720 


74-1 


76*2 


78-3 


80-4 


826 


44 


51-5 


532 


550 


56-8 


58-6 


60 "4 


62-3 


64 '2 


66- 1 


68-0 


700 


72 


74-0 


76-1 


78-2 


80-3 


45 


50-8 


525 


54-2 


55'9 


577 


59'5 


61 '4 


632 


65-1 


67-0 


69-0 


709 


72-9 


750 


77-0 


79-1 


46 


50-0 


517 


53-4 


55-1 


56-8 


58-6 


604 


623 


64-1 


660 


679 


699 


71-8 


73-8 


75*9 


77 '9 


47 


49-2 


509 


52-6 


54-3 


560 


577 


59' 5 


61-3 


632 


65*0 


669 


68-8 


707 


727 


747 


767 


48 


48-5 


50-1 


517 


53'4 


55'i 


56-8 


58-6 


604 


62-2 


64-0 


659 


677 


696 


71-6 


73-5 


75-5 


49 


477 


493 


509 


52-5 


54-2 


55'9 


54-6 


594 


612 


630 


64-8 


667 


68-5 


70-4 


72-4 


743 


50 


46-9 


48-5 


501 


517 


533 


550 


567 


58-4 


602 


61-9 


637 


656 


674 


693 


712 


731 


51 


46-1 


47-6 


49-2 


50-8 


52-4 


54-1 


557 


57*4 


59-2 


609 


627 


64-4 


66-3 


68-1 


700 


719 


52 


45-3 


46-8 


48-4 


499 


51-5 


531 


54-8 


56-4 


58-1 


59-8 


6i-6 


63-3 


65-1 


66-9 


68-8 


70-6 


53 


44-5 


46*0 


47*5 


490 


50'6 


522 


53-8 


55*4 


57*1 


58-8 


605 


622 


64-0 


657 


67*5 


694 


54 


437 


45-1 


46-6 


48-1 


497 


51-2 


52-8 


54-4 


56-1 


577 


59*4 


6i-i 


628 


64-5 


66-3 


68-1 


55 


42-9 


44*3 


45-8 


47-2 


487 


503 


51-8 


53*4 


550 


56-6 


58-3 


599 


6i-6 


63-3 


651 


66-8 


56 


420 


434 


44-9 


46-3 


47-8 


493 


50-8 


52-4 


539 


55'5 


57-1 


58-8 


6o'4 


621 


638 


655 


57 


41-2 


42*6 


44-0 


45-4 


46-8 


48-3 


49-8 


51-3 


529 


54-4 


56-0 


57-6 


59-2 


609 


62-5 


64-2 


58 


40*3 


417 


431 


44*5 


45-9 


47-3 


488 


50-3 


51-8 


53*3 


54-8 


56-4 


580 


59-6 


6i-2 


629 


59 


39*5 


40-8 


421 


435 


449 


463 


477 


49-2 


507 


522 


537 


55-2 


568 


58-3 


59-9 


616 


60 


386 


39*9 


41-2 


425 


43*9 


45*3 


467 


48-1 49*5 


51-0 


52-5 ' 54-0 


55*5 


57-0 ' 586 


60'2 












Azimuths. | 




















o„ 




















^ 











38 


9-0 


92 


9*3 


95 


9-6 


98 


99 


lOI 


102 


104 


10-5 


107 


IO-8 


II'O 


ii'i 


II-3 


40 


9-1 


92 


9'4 


9-5 


97 


9-8 


99 


lO'I 


IO*2 


104 


105 


107 


IO-8 


no 


ii-i 


"•3 


50 


9*3 


9-4 


9-6 


97 


99 


lO'I 


10*2 


10-4 


ID'S 


107 


10-8 


II'O 


ii-i 


II-3 


II-4 


II-6 


60 


9-8 


100 


IO'2 


IO-3 


10-5 


107 


10-8 


II'O 


III 


II-3 


"•5 


II-6 


11-8 


I2*0 


I2-I 


123 
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True Bearing of * Canopus at Hour-angles 1 Hour 16 Minutes to 3 Hours froni 

Lower Transit. 



Below 
Pole. 

Hour- 


LATITUDES. | 


sr 


40° 


4SP 


44« 


W 


48» 


60» 


520 


540 


W* 


W 


680 


59° 


60» 


angles. 






























H.M. 


1 


/ 


° 'c 


« 


1 


/ 


/ 


/ 


1 


/ 


i 


1 


/ 


1 


1 i6 


II 2^ 


^11 zt 


) II 2C 


(II 30 


" 3^ 


^II 3^ 


MI 4^ 


^II 51 


II 5912 712 13 12 17 


12 22 


>. 12 27 


i8 


n 42 


II 4^ 


II 46 


>II 48 


II 52 


5 11 5; 


y 12 I 


^2 10 


12 18 12 2612 32 12 36 


12 4] 


12 46 


20 


II 5S 


12 I 


12 3 


;I2 6 


12 I0|I2 If 


12 2C 


>I2 28 


12 3/ 


r 12 45|I2 50|I2 54 


13 o|i3 6 1 


22 


12 it 


H2 ifi 


12 2C 


>I2 24 


12 28 


5 12 3: 


12 38 


5X2 45 


12 5f 


13 A 


M3 813 13 


13 ic 


13 26 


24 


12 34 


12 36 


12 38 


12 41 


1246 


H2 51 


12 57 


13 5 


13 14 


13 21 


13 2? 


13 34 


13 39 


13 45 


26 


12 52 


12 54 


12 56 


12 58 


13 4 


13 s 


13 it 


13 24 


13 32 


13 43 


13 47 


13 53 


13 58 


14 5 


28 


13 9 


13 II 


13 14 


13 17 


13 22 


13 27 


13 35 


13 42 


13 5C 


14 I 


14 5 


14 12 


14 19 


14 25 


30 


13 26 


13 28 


13 31 


13 35 


13 4C 


13 45 


13 53 


14 


14 8 


14 2G 


14 24 


14 31 


14 38 


14 44 


32 


13 44 


13 46 


13 49 


13 53 


1358 


14 3 


14 IG 


14 18 


14 27 


14 39 


14 44 


14 50 


14 56 


15 4 


34 


14 I 


14 3 


14 7 


14 10 


14 le 


14 21 


14 29 


14 36 


14 46 


14 58 


15 4 


15 9 


15 15 


15 24 


36 


14 19 


14 21 


14 24 


14 28 


14 33 


14 39,14 47 


14 55 


15 6 


15 17 


15 22 


15 29 


15 36 


15 43 


38 


14 36 


14 38 


14 41 


14 46 


14 50 


14 57 


15 5 


15 13 


15 25 


15 36 


15 41 


15 48 


15 56 


16 2 


40 


14 53 


14 55 


14 59 


15 3 


15 8 


15 15 


15 23 


15 32 


15 42 


15 54 


r6 


16 7 


16 14 


16 22 


42 


15 10 


15 12 


15 16 


15 20 


15 26 


15 33;i5 41 


15 50 


16 


16 12 


16 19 


16 26 


16 32 


16 41 


44 


15 27 


15 30 


15 33 


15 38 


15 44 


15 5015 59 


i6 8 


16 19 


16 30 


16 38 


16 45 


16 51 


17 


46 


15 44 


15 47 


15 50 


15 55 


16 2 


16 816 17 


16 26 


16 38 


16 49 


16 58 


17 4 


17 10 


17 19 


48 


16 2 


16 4 


i6 8 


16 13 


16 19 


16 26 16 35 


i6 45 


16 56 


17 9 


17 16 


17 23 


17 31 


17 39 


50 


16 19 


16 21 


16 25 


16 30 


16 37 


16 44 16 53 


17 3 


17 15 


17 28 


17 35 


17 42 


17 51 


17 58 


52 


16 35 


16 38 


16 42 


16 47 


16 54 


17 1:17 II 


17 21 


17 33 


17 46 


17 53 


18 I 


18 9 


18 18 


54 


16 52 


16 55 


16 59 


17 5 


17 II 


17 I9'i7 29 


17 39 


17 51 


18 5 


18 12 


18 20 


18 28 


18 37 


56 


17 9 


17 12 


17 17 


17 22 


17 29 


17 37I17 47 


17 58 


18 10 


18 24 


18 32 


18 39 


1847 


18 57 


58 


17 26 


17 29 


17 34 


17 40 


17 47 


17 5518 5 


18 16 


18 29 


18 43 


18 51 


18 58 


19 7 


19 15 


II 


17 43 


17 46 


17 51 


17 57 


18 4 


18 12 18 22 


18 34 


18 47 


19 2 


19 9 


19 17 


19 26 


19 35 


2 


18 


18 -3 


18 8 


18 14 


18 21 


18 2918 39 


18 51 


19 5 


19 21 


19 27 


19 36 


19 45 


19 54 


4 


18 16 


18 20 


18 25 


18 31 


18 39 


18 47 18 58 


19 10 


19 23 


19 39 


19 46 


19 55 


20 4 


20 13 


6 


18 33 


18 36 


18 41 


18 48 


18 56 


19 519 16 


19 28 


19 42 


19 5« 


20 5 


20 14 


20 23 


20 32 


8 


18 50 


18 53 


18 58 


19 5 


19 13 


19 2219 33 


19 45 


19 59 


20 16 


20 24 


20 33 


20 43 


20 53 


10 


19' 6 


19 10 


19 14 


19 22 


19 30 


19 3919 50 


20 3 


20 18 


20 35 


20 43 


20 52 


21 3 


21 13 


12 


19 22 


19 27 


19 32 


19 39 


19 47 


19 57 


20 8 


20 21 


20 36 


20 53 


21 2 


21 12 


21 21 


21 31 


14 


19 39 


19 44 


19 49 


19 56 


20 4 


20 15 


20 26 


20 40 


20 55 


21 II 


21 21 


21 31 


21 40 


21 50 


16 


19 55 


20 


20 6 


20 13 


20 22 


20 32 


20 44 


20 58 


21 14 


21 29 


21 39 


21 49 


21 59 


22 9 


18 


20 II 


20 17 


20 23 


20 30 


20 39 


20 49 


21 I 


21 17 


21 32 


21 48 


21 58 


22 7 


22 18 


22 29 


20 


20 28 


20 33 


20 39 


20 47 


20 57 


21 7 


21 19 


21 34 


21 49 


22 7 


22 1622 25 1 


22 37 


22 48 


22 


20 45 


20 50 


20 56 


21 4 


21 14 


21 25 


21 37 


21 51 


22 7 


22 25 


22 34 


22 44 


22 56 


23 7 


24 


21 2 


21 6 


21 13 


21 20 


21 30 


21 42 


21 54 


22 9 


22 25 


22 43 


22 54 


23 3 


23 15 


23 26 


26 


21 19 


21 23 


21 30 


21 37 


21 46 


" 59 


22 II 


22 27 


22 44 


23 2 


-'3 13 


23 22 


23 34 


23 46 


28 


21 33 


21 38 


21 46 


21 54 


22 4 


22 1622 29' 


22 44 


23 2 


23 20 


23 V 


23 41 


23 53 


24 5 


30 


21 49 


21 54 


22 2 


22 10 


22 21 


22 33I22 47I 


23 2 


23 19 


23 39 


23 50 


24 


24 12 


24 24 


32 


22 5 


22 II 


22 18 


22 27 


22 37 


22 50 


23 4 


23 20 


23 37 


23 57 


24 8 


24 19 


24 31 


24 43 


34 


22 21 


22 28 


22 34 


22 44 


22 54 


23 7 


23 21 


23 37 


23 55 


24 15 


24 26 


24 38 


24 50 


25 2 


36 


22 36 


22 44 


22 50 


23 


23 II 


23 24 


23 38 


23 55 


24 13 


24 33 24 45| 


24 56 


25 9 


25 21 


38 


22 52 


23 


23 7 


23 17 


23 28 


23 41 


23 56 


24 13 


24 31 


24 52 


25 4 


25 15 


25 28 


25 40 


40 


23 8 


23 15 


23 24 


23 33 


23 45 


23 5824 I3|24 30 


24 49 


25 II 


25 22 


25 34 


25 47 


25 59 


42 


23 25 


23 31 


23 40 


23 49 


24 2 


24 1524 3024 47 


25 7 


25 29 


25 41 


25 52 


26 5 


26 19 


44 


23 40 


23 47 


23 56 


24 5 


24 18 


24 32 24 4725 5 


25 25 


25 47 


26 


26 II 


26 23 


26 38 : 


46 


23 56 


24 4 


24 13 


24 21 


24 34 


24 4925 5 


25 23 


25 43 


26 5 


26 18 


26 30 


26 43 


26 57 


48 


24 II 


24 19 


24 28 


24 38 


24 51 


25 6 


25 22 


25 40 


26 


26 23 


26 36 


26 48 


27 


27 16 


50 


24 26 


24 36 


24 44 


24 55 


25 7 


25 22 


25 39 


25 57 


26 17 


26 41 


26 54 


27 6 


27 20 


27 35 


52 


24 42 


24 50 


25 


25 II 


25 24 


25 39 


25 56 


26 14 


26 36 


26 59 


27 13 


27 26 


27 39 


27 54 


54 


24 57 


25 5 


25 16 


25 27 


25 41 


25 56 


26 13 


26 32 


26 54 


27 17 


27 31 


27 44 


27 58 


28 13 


56 


25 12 


25 21 


25 32 


25 43 


25 57 


26 12 


26 30 


26 49 


27 II 


27 36 


27 48 


28 2 


28 17 


28 31 


58 


25 27 


25 37 


25 48 


25 59 


26 13 


26 28 


26 48 


27 6 


27 29 


27 54 


28 6 


28 21 


28 36 


28 50 ^ 


III 


25 44 


25 52 


26 3 


26 16 


26 29 


26 45 


27 6 


27 24 


27 47 


28 12 


28 25 


28 39 


28 54 


29 9 . 



134 
Reduction to the Meridian and Azimutli Table near the (Meridian below the Pole. 

■^ * PAVONIS. 



La..|- 


m. 1 m. 


m. 


m. 


1 m. 
1 34 


m. 


m. 


m. 


m. 1 m. 1 m. 


ra. m. 


m. 


-STT 


8 ! la 


16 


80 


26 


as 


30 


38 1 34 1 36 


38 40 


48 


*4 












Redhctions. 1 



38 


1 
02 


09 


20 


3-6 


5-6 


* 
8-1 


9-5 


ii-o 


127 


14-4 


16-3 


18-2 


203 


22-5 


.4-8 


1 
272 


42 


02 


09 


19 


3*4 


54 


77 


91 


IO-5 


I2*0 


137 


15-5 


17-3 


19-3 


21-4 


23-6 


259 


46 


02 


0-8 


1-8 


33 


5-1 


7'3 


8-6 


9-9 


II-4 


130 


147 


i6'4 


l8-3 


203 


22-4 


245 


50 


0-2 


08 


17 


31 


4-8 


6-9 


8-1 


9-4 


IO-8 


12-2 


138 


15-5 


17-2 


19-1 


2I-I 


23-1 


54 


02 


07 


1-6 


29 


45 


6-5 


7-6 


8-8 


lOI 


11-5 


12-9 


14-5 


l6-2 


17-9 


197 


217 


58 


0'2 


07 


1*5 


27 


42 


60 


70 


8-2 


9*4 


106 


I2"0 


135 


150 


166 


18-3 


201 


60 


02 


06 


1*4 


26 


40 


5-8 


6-8 


7-8 


90 


IO-2 


II-5 


129 


14-4 


i6'o 


176 


19-3 












Azimuths. | 


























o_ 


e 





e 


e 














35 


05 


I'l 


1-6 


2-2 


27 


3'3 


35 


3-8 


41 


44 


4-6 


4-9 


52 


54 


57 


60 


40 


05 


1*1 


1-6 


2-2 


27 


33 


3-6 


3-8 


41 


4'4 


4-6 


4*9 


52 


55 


57 


60 


50 


06 


i-i 


17 


2'3 


2-8 


34 


37 


40 


43 


4-6 


4-8 


5*1 


54 


57 


60 


6-2 


60 


06 


1-2 


1-8 


24 


31 


37 


40 


43 


4-6 


49 


5'2 


5-6 


5-8 


6-1 


6-4 


67 


1 


i-'U 


m. 


m. 


m. 


m. 


m. 
50 


m. 


m. 


m. 


m. 1 m. 
54 1 55 


m. 


m. 1 m. 


m. 


m. 1 


46 


47 


48 


49 


51 


58 


53 


56 


57 1 58 


59 


60 












Reductions. | 


38 


28-4 


297 


310 


324 


337 


35- 1 


365 


37*9 


394 


409 


424 


440 


45-6 


47-2 


488 


50-5 


42 


27-1 


283 


295 


308 


32-1 


33*4 


347 


361 


37'5 


389 


404 


419 


434 


449 


465 


480 


46 


257 


268 


280 


292 


304 


317 


329 


34*2 


35-6 


369 


38-3 


397 


411 


426 


440 


455 


48 


249 


26- 1 


272 


28-4 


296 


308 


320 


333 


34-6 


359 


37'2 


386 


400 


41-4 


42-8 


443 


50 


242 


253 


264 


27-5 


287 


299 


311 


323 


335 


34-8 


361 


37*4 


388 


402 


41-5 


429 


52 


234 


24-5 


25-6 


267 


278 


289 


30- 1 


31-3 


325 


337 


350 


363 


37fi 


389 


40- 2 


416 


54 


227 


237 


247 


258 


269 


28-0 


291 


303 


314 


326 


33-8 


35- 1 


363 


37-6 


389 


403 


56 


219 


229 


239 


249 


259 


270 


281 


292 


303 


31-5 


327 


33-8 


351 


363 


37-6 


38-8 


58 


211 


22"0 


230 


239 


250 


26*0 


270 


281 


292 


303 


31-4 


32-6 


33-8 


350 


362 


37*4 


60 


20'2 


211 


220 


230 


239 


249 


259 


270 


280 


290 


302 


313 


324 


335 


347 


35-9 












Azimuths. | 














e 
































e 





35 


61 


6-2 


6-4 


6-5 


6-6 


6-8 


6-9 


70 


72 


73 


74 


7-6 


77 


7-8 


80 


8-1 


40 


61 


6-3 


6-4 


6-6 


67 


6-8 


70 


71 


72 


74 


75 


7-6 


78 


7*9 


80 


8-2 


50 


6-4 


6-5 


67 


6-8 


70 


7'i 


7-2 


7'4 


7-5 


77 


7-8 


7-9 


8*1 


8-2 


8-4 


8-5 


60 


6-9 


70 


72 


7-3 


7*5 


7-6 


7-8 


7 9 


81 


8-2 


8-4 


8-5 


87 


8-8 


9-0 


9*1 


1 


Lat. 


1 HOUR. ' 1 


m. 


m. 


m. 


m. 


m. 


1-5 


m. 


m. 


m. 


m. 1 in. 
6 1 10 


m. 


m. 


m. 


m. 


iTI 







1 


a 


8 


4 


6 


7 


8 


U 


12 


13 


14 


15 












Reductions. 1 

1 1 ( 1 1 1 1 1 1 1 



36 


517 


53-4 


55-2 


56*9 


58-8 


60-6 


625 


1 
64-4 


66-3 


68-2 


702 


722 


74-2 


763 


78-4 


80.5 


38 


505 


522 


539 


55-6 


57'4 


59-2 


61 'O 


628 


647 


66-6 


68-6 


70'5 


72-5 


74*5 


766 


786 


40 


493 


509 


526 


543 


560 


578 


59'5 


613 


632 


650 


66-9 


68-8 


708 


727 


747 


768 


42 


48-0 


49-6 


51-3 


529 


54-6 


56-3 


58-1 


59-8 


616 


634 


65-3 


671 


690 


709 


729 


74-8 


44 


468 


48-4 


500 


516 


53-2 


549 


566 


583 


600 


618 


636 


65*4 


67-2 


691 


71-0 


729 


45 


462 


477 


493 


509 


52-5 


54-1 


55-8 


575 


59*2 


6i-o 


627 


64-5 


66-4 


68-2 


70-1 


720 


46 


45-5 


47-1 


486 


50- 2 


51-8 


534 


550 


567 


58-4 


6o-i 


6i*9 


636 


654 


672 


69-1 


71*0 


47 


449 


464 


479 


495 


5I-I 


526 


54-3 


559 


57-6 


593 


6i*o 


628 


645 


66-3 


68- 1 


700 


48 


44-3 


457 


47*2 


48-8 


50-3 


519 


53-5 


551 


568 


58-4 


601 


619 


636 


654 


67*2 


690 


49 


43-6 


451 


465 


48-1 


496 


5I-I 


527 


543 


55*9 


57-6 


59'3 


6i-o 


627 


644 


66-2 


680 


50 


429 


44*4 


45-8 


47-3 


488 


50-4 


51-9 


535 


55-1 


567 


58-4 


600 


617 


63-5 


652 


670 


51 


42-3 


437 


45* I 


466 


48-1 


496 


5I-I 


527 


543 


55-8 


57*5 


59- 1 


6o-8 


62-5 


64-2 


659 


52 


.41-6 


430 


44*4 


45*9 


47-3 


48-8 


503 


51-9 


534 


550 


566 


58-2 


59-8 


6i-5 


632 


649 


53 


409 


42-3 


437 


45*1 


466 


480 


495 


510 


525 


54*1 


55-6 


57-2 


58-8 


605 


62-1 


638 


54 


403 


41-6 


430 


44'4 


45-8 


47-2 


487 


501 


51-6 


53-2 


547 


563 


57'9 


595 


6ri 


62-8 


55 


39*5 


40-9 


42-2 


43-6 


450 


464 


47-8 


493 


507 


522 


53-8 


553 


56-8 


58-4 


600 


617 


56 


38-8 


40-1 


41-5 


42-8 


442 


45-6 


47-0 


48-4 


49-8 


51-3 


528 


543 


55-8 


57*4 


59*0 


606 


57 


38-1 


39-4 


407 


420 


434 


447 


46-1 


47*5 


48-9 


50-4 


518 


533 


54-8 


'563 


57-9 


594 


58 


37-4 


386 


39*9 


41-2 


42-5 


43-8 


45-2 


466 


48-0 


49*4 


508 


52*3 


53-8 


55-2 


568 


583 


59 


366 


37*9 


39*1 


404 


417 


430 


443 


457 


470 


48-4 


49-8 


51-2 


527 


542 


55-6 


572 


60 


35*9 


37-1 


38-3 


395 


408 


421 


43'4 


447 


46-0 i 47-4 


48-8 


502 


516 


530 


54*5 


560 












Azimuths. | 

















J* ^ 


J^^ 

















e 





_ 








35 


81 


8-3 


?*4 


8-5 


8-6 


8-8 


8-9 


90 


92 


93 


9-4 


9-6 


97 


9-8 


lO'O 


lOI 


40 


8-2 


8-3 


8-5 


8-6 


87 


8-9 


90 


91 


92 


^'i 


95 


97 


9-8 


99 


lo-i 


IO-2 


50 


8-5 


87 


8-8 


8-9 


91 


92 


94 


9*5 


9-6 


9-8 


99 


lOI 


IO-2 


103 


105 


iO'6 


60 


9-1 


93 


95 


9-6 


9-8 


99 


lo-i 


102 


IO-4 


IO-5 


107 


10-8 


IIO 


TI-I 


II-3 


II-4 



135 
deduction to the Meridian and Azimuth Table near the Meridian below the Pole. 

•)f AOHERNAR. 



Lat. 



m. 
12 



m. 
16 



m. I m. 
20 I 2i 



m. 
26 



30 



m. 
34 



m. 
86 



40 



Reductions. 



i 
0-2 


1 

0-9 


21 


37 


5-8 


8-4 


9-8 


1 

II-4 


130 


14-8 


i6-8 


i8-8 


1 
209 


232 


25*5 


0-2 


09 


20 


3-6 


5*5 


8-0 


9*4 


109 


12-4 


142 


160 


179 


200 


221 


24-4 


0-2 


0-8 


1-9 


34 


5-3 


7-6 


8-9 


IO-4 


II-9 


13-5 


15-3 


17-1 


19*0 


21*1 


232 


0'2 


0-8 


1-8 


32 


50 


7*2 


8-5 


9-8 


n-2 


12-8 


144 


i6-2 


180 


200 


220 


0-2 


0-8 


17 


30 


47 


6-8 


8-0 


93 


IO-6 


12*1 


13-6 


15*3 


170 


i8-8 


208 


0-2 


07 


1-6 


2-8 


4*4 


6-4 


rs 


87 


100 


II-4 


12-8 


143 


160 


177 


19-5 


0-2 


07 


1*5 


2-6 


4-1 


59 


70 


8-1 


9*3 


IO-5 


II-9 


13-3 


14-9 


16-4 


i8-i 


0-2j 


0-6 


1-4 


25 


40 


57 


67 


7-« 


8-9 


lOI 


11-4 


12-8 


14*3 


15-8 


17-4 



Azimuths. 









0^ 


























o„ 











05 


I'l 


1-6 


2*1 


27 


3'2 


35 


3« 


40 


4*3 


4-5 


4-8 


5*1 


5*3 


5C 


05 


I-l 


r6 


2-2 


27 


32 


35 


3-« 


40 


4-3 


^■^ 


4-8 


5-1 


5-4 


. 5-6 


06 


II 


17 


22 


2'8 


3'4 


3.6 


39 


42 


45 


4-8 


50 


53 


50 


59 


06 


I'2 


1-8 


2-4 


3*0 


3-6 


39 


42 


4'5 


4-8 


5-1 


5*4 


57 


60 


6-3 



280 
267 

25-5 
24-1 

22-8 
21-4 
199 
191 



59 
5*9 
6-2 
6-6 



Lat. 



U 



m. 
47 



SI 



m. 
51 



m. 
52 



m. 
63 



m. I m. 
54 I 55 



56 



m. 
57 



58 



m. 
59 



60 



Reductions. 



34 

36 
38 
40 

42 

44 
46 

48 
50 
52 

54 
56 
58 
60 



36 
40 
50 
60 



29-3 


306 


31-9 


333 


347 


361 


37-6 


39' I 


40-6 


421 


437 


453 


469 


.48'5 


502 


286 


299 


312 


32-6 


339 


353 


367 1 382 


397 


412 


427 


44*3 


45-8 


47-5 


49-1 


280 


292 


305 


31-8 


33' I 


34-5 


35-9 


373 


387 


402 


417 


432 


44-8 


46-4 


480 


27-3 


28-5 


29-8 


310 


323 


337 


350 


36-4 


37-9 


393 


407 


422 


437 


45*3 


469 


266 


27-8 


290 


303 


31-6 


329 


342 


355 


36-9 


383 


397 


41-2 


427 


44*2 


457 


260 


27-1 


283 


295 


30- 8 


320 


333 


34-6 


360 


37*3 


387 


402 


416 


43-1 


44*5 


253 


26-4 


275 


287 


299 


312 


324 


337 


350 


3^-3 


377 


39' I 


405 


41-9 


43*4 


246 


257 


268 


279 


29T 


303 


31-5 


328 


340 


35*3 


3^7 


380 


39-3 


407 


422 


23-8 


249 


260 


27-1 


28-2 


29-4 


306 


31-8 


331 


34*3 


35-6 


369 


38-2 


396 


40-9 


231 


241 


252 


26-3 


274 


28-5 


296 


30-8 


320 


332 


34'5 


357 


37-0 


384 


397 


22-4 


23-4 


24-4 


25-4 


26-5 


27-6 


287 


29-8 


310 


322 


334 


34-6 


35-8 


37' I 


38-4 


21-6 


22-6 


235 


24 -6 


25-6 


266 


277 


288 


299 


311 


322 


334 


34-6 


35-8 


37-1 


20-8 


217 


227 


236 


24-6 


257 


267 


277 


28-8 


299 


310 


322 


333 


34*5 


357 


199 


20-8 


31-8 


227 


236 


24*6 


25-6 


26-6 


277 


287 


298 


309 


320 


331 


34*3 



Azimuths. 
















































60 


6-1 


6-3 


6-4 


6-5 


67 


6-8 


6-9 


7-1 


7*2 


73 


7*4 


7-6 


77 


7-8 


61 


6-2 


6-3 


6-4 


6-6 


67 


6-9 


70 


7'-- 


7-2 


7*4 


7-5 


7-6 


7-8 


79 


6-3 


6-4 


6-6 


67 


6-9 


70 


7-1 


73 


7*4 


7*5 


77 


7-8 


80 


81 


8-2 


6-8 


6-9 


7-1 


7-2 


7-4 


7'5 


77 


7-8 


80 


81 


8-3 


8-4 


8-6 


8-7 


8-9 



51-9 
508 
496 

484 

47*3 
46-0 
44-8 
436 
42-3 
4i'o 

397 
38-3 
369 
354 



8-0 
8-0 

8-4 
90 



Lat. 



1 HOUR. 



m. 




™ , 



m. 
7 



m. 
11 



m. 
12 



13 



m. 
14 



15 



34 
36 
38 
40 
42 

44 
46 
48 
50 
52 

54 
56 
57 
58 
59 
60 



519 


537 


55*4 


57'2 


591 


60-9 


62-8 


508 


.52-5 


54-2 


559 


57 7 


59*5 


bi-4 


496 


51-3 


530 


547 


564 


58-2 


600 


48-4 


501 


517 


53'4 


55' i 


56-8 


58-6 


47*3 


48-8 


504 


52-1 


537 


55*4 


57'^ 


460 


47-6 


492 


507 


524 


540 


557 


44-8 


46-3 


47'9 


49*4 


510 


52-6 


54-2 


43-6 


450 


465 


480 


49-6 


5I-I 


527 


42-3 


437 


45-2 


466 


48-1 


496 


51-2 


410 


424 


43-8 


45-2 


466 


48-1 


496 


.397 


41-0 


42-4 


437 


45* I 


46-6 


480 


383 


39*6 


40-9 


42? 


43'6 


45-0 


4<>'3 


37-6 


389 


40*2 


41-5 


428 


44*1 


455 


.369 


38-1 


39'4 


407 


420 


433 


44b 


362 


37'4 


386 


39*9 


41-2 


42-4 


43-8 


35-4 


36-6 


37-8 


39- 1 


403 


416 


429 



Reductions. 

647 I 66-6 
632 ' 651 

618 ! 63-6 
60*3 621 

589 6o'6 

59*1 
57-5 
55-9 
54' 3 
52-6 



574 
55-8 
54*3 
527 
5i'i 

49-5 ' 509 
477 I 492 
469 483 
46-0 47-4 
45' I , 46-4 
44'2 45'5 



. I 



68-6 


706 


72-6 


74-6 


767 


78-8 


670 


690 


709 


72-9 


750 


77 -o 


65-5 


67-4 


69-3 


7i'3 


733 


75*3 


640 


65-8 


677 


696 


71-5 


735 


624 


642 


660 


67-9 


69-8 


717 


608 


626 


64-4 


66-2 


680 


69-9 


59-2 


609 


627 


64-4 


66-2 


680 


57-6 


59-2 


609 


626 


64-4 


66-2 


55-9 


57'5 


592 


608 


625 


64-3 


54-2 


55-8 


57-4 


590 


606 


62-3 


52-4 


54*0 


55-5 


57-1 


587 


603 


50-6 


52-1 


53-6 


55-1 


566 


58-2 


497 


5I-I 


52-6 


54- 1 


55-6 


57*1 


48-8 


50- 2 


51-6 


53-1 


54-5 


560 


47-8 


49*2 


506 


520 


535 


54-9 


46-8 


48-2 


496 


51-0 


52*4 


53-8 

















Azimuths. 






























































36 


80 


8-1 


8-2 


8-4 


8-5 


8-6 


8-8 


8-9 


90 


91 


93 


9*4 


9-5 


97 


9-8 


40 


80 


8-2 


8-3 


8-4 


8-6 


87 


8-8 


9-0 


91 


92 


9-4 


95 


9-6 


97 


99 


50 


8-4 


8-5 


87 


8-8 


8-9 


91 


92 


94 


95 


9b 


9-8 


99 


lOI 


102 


103 


60 


90 


92 


9*3 


95 


9-6 


9-8 


99 


lo-i 


102 


104 


105 


107 


IO-8 


no 


III 



80-9 
79-1 
77-3 
755 
737 
71-8 
699 
68-0 
660 
64*0 

61-9 
59-8 
587 
57-6 
564 
55-3 



99 

lO'O 
lOV 

II 
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True Bearing of ^f: Achernar at Hour-angles 1 Hour 16 Minutes to 3 Hours from 

Lower Transit. 



Below 
Pole. 

Hour- 




LATITUDES. 




1 




3a» 


ar 


ar 


10° 


ir 


W 


40° 


AT 


60° 


52° 


54° 


50- 


58° 


60° 




angles. 






























H. M. 


i 


1 


i 


' 


1 


1 


/ 


1 


/ 


1 


/ 


t 


i 


° '^ 




' 'f 


10 4 


10 5 


10 6 


10 8 


10 12 


10 17 


10 22 


10 27 


10 35 


10 43 


10 52 


11 3 


II 14 


II 26 




i8 


10 19 


10 20 


10 22 


10 24 


10 28 


10 33 


10 38 


10 44 


10 52 


II 


II 10 


II 20 


II 32 


II 44 




20 


10 33 


10 34 


10 37 


10 39 


10 44 


10 49 


10 55 


II I 


II 9 


II 17 


II 26 


II 37 


II 49 


12 2 




22 


10 47 


10 49 


10 52 


10 55 


II I 


II 5 


II II 


II 17 


II 25 


II 33 


II 43 


II 54 


12 6 


12 20 




24 


II 3 


II 5 


II 8 


II II 


II 15 


II 21 


II 27 


II 34 


II 42 


II 51 


12 


12 12 


12 24 


12 38 




26 


II 18 


II 20 


11 24 


II 27 


II 31 


II 37 


II 43" 50 


II 58 


12 7 


12 17 


12 29 


12 41 


12 56 




28 


II 33 


II 35 


II 38 


II 42 


II 47 


II 52 


II 59 12 6 


12 15 


12 23 


12 34 


12 47 


12 59 


13 14 




30 


IX 48 


II 5' 


II 54 


II 58 


12 3 


12 8 


12 15 


12 22 


12 31 


12 40 


12 51 


13 4 


13 17 


13 31 




32 


12 3 


12 7 


12 10 


12 13 


12 19 


12 25 


12 31 


12 38 


12 47 


12 57 


13 8 


13 21 


13 35 


13 50 




34 


12 19 


12 22 


12 25 


12 29 


12 35 


12 41 


12 47 


12 54 


13 3 


13 14 


13 25 


13 38 


13 52 


14 8 




35 


12 33 


12 37 


12 41 


12 44 


12 49 


12 55 


13 2 


13 10 


13 19 


13 30 


13 41 


13 54 


14 10 


14 25 




38 


12 48 


12 52 


12 5.6 


13 


13 4 


13 II 


13 18 


13 26 


13 36 


13 47 


13 58 


14 II 


14 27 


14 43 




40 


13 4 


13 7 


13 II 


13 15 


13 20 


13 27 


13 34 


13 43 


13 5^ 


14 3 


14 15 


14 28 


14 44 


15 I 




42 


13 20 


13 22 


13 2613 31 


13 37 


13 43 


13 50 


13 59 


14 8 


14 20 


14 3214 45 


15 2 


15 19 




44 


13 34 


13 38 


13 41 13 46 


13 51 


13 58 


14 6 


14 15 


14 24 


14 36 


14 4915 2 


15 19 


15 37 




^2 


13 49 


13 53 


13 57 


14 I 


14 7 


14 13 


14 22 


14 30 


14 41 


£4 52 


15 615 21 


15 36 


15 54 




48 


14 3 


14 7 


14 12 


14 17 


14 22 


14 29 


14 38 


14 47 


14 57 


15 9 


15 23 


15 38 


15 53 


16 12 




50 


14 18 


14 23 


14 28 


14 32 


14 37 


14 46 


14 54 


15 3 


15 14 


15 26 


15 40 


15 55 


16 II 


16 30 




52 


14 33 


14 38 


14 42 


»4 47 


14 53 


15 o|i5 9 


15 19 


15 30 


15 42 


15 56 


16 12 


16 29 


16 47 




54 


14 48 


14 53 


14 57 


15 2 


15 9 


15 i6;i5 25 


15 35 


15 46 


15 59 


16 13 


16 29 


16 47 


17 5 




56 


15 2 


15 8 


15 12 


15 17 


15 24 


15 31 


15 40 


15 50 


16 2 


16 15 


16 30 


16 46 


17 4 


17 23 




58 


15 17 


15 23 


15 27 


15 32 


15 39 


15 47 


15 56 


16 6 


16 18 


16 31 


16 47 


17 3 


17 21 


17 41 




II ° 


15 32 


15 37 


15 42 


15 47 


15 54 


16 2 


16 II 


16 22 


16 35 


16 48 


17 3 


17 20 


17 38 


17 59 




2 


15 46 


15 51 


15 57 


16 3 


16 9 


16 i8|i6 27 


16 38 


16 51 


17 5 


17 19 


17 37 


17 55 


18 17 




4 


16 


16 6 


16 11 


16 17 


16 25 


16 3316 43 


1654 


17 7 


17 21 


17 36 


17 54 


18 12 


18 34 




6 


16 14 


t6 21 


16 26 


16 32 


16 40 


16 48116 59 


17 10 


17 23 


17 37 


17 53 


18 II 


18 30 


18 52 




8 


16 29 


16 36 


16 41 


16 47 


16 55 


17 317 14 


17 25 


17 39 


17 53 


18 9 


18 27 


18 47 


19 10 




10 


16 43 


16 50 


16 56 


17 2 


17 10 


17 19 17 29 


17 41 


17 54 


18 9 


18 26 


18 45 


19 5 


19 27 




12 


16 58 


17 5]i7 10 


17 17 


17 25 


17 34'i7 45 


17 57 


18 II 


18 25 


18 41 


19 I 


19 22 


19 45 




14 


17 12 


17 20 


17 25 


17 32 


17 40 


17 50,18 I 


18 13 


18 26 


18 42 


18 59 


19 18 


19 39'20 3 




16 


17 26 


17 34 


17 39 


T7 47 


17 55 


18 518 16 


18 28 


i8 42 


18 58 


19 14 


19 35 


19 56 


20 20 




18 


17 40 


17 48 


17 53 


18 2 


18 10 


18 2018 31 


18 44 


18 58 


19 14 


19 31 


19 52 


20 14 


20 38 




20 


17 54 


18 3 


18 8 


18 16 


18 24 


18 35I18 46 


18 59 


19 14 


19.30 


19 49I20 9 


20 31 


20 56 




22 


18 8 


18 i8|i8 23 


18 31 


18 39 


18 50I19 I 


19 15 


19 30 


19 46 


20 5:20 26 


20 48 


21 14 




24 


18 22 


18 31 


18 37 


18 45 


18 54 


19 4 


19 17 


19 30 


19 46 


20 2 


20 21 


20 42 


21 6 


21 31 




26 


18 36 


18 45 


18 51 


18 59 


19 9 


19 18 


19 32 


19 46 


20 2 


20 18 


20 38 


20 59 


21 23 


21 48 




28 


18 50 


18 59I19 6 


19 14 


19 23 


19 34,19 47 


20 I 


20 17 


20 34 


20 55!2i 16 


21 40 


22 6 




30 


19 4 


19 13 19 21 


19 29 


19 38 


19 49,20 2 


20 18 


20 33 


20 51 


21 11 


21 33 


21 56 


22 23 




32 


19 18 


19 27 


19 34 


19 43 


19 53 


20 4 


20 17 


20 33 


20 48 


21 8 


21 27 


21 49 


22 14 


22 41 


• 


34 


19 32 


19 41 


19 49 


19 57 


20 8 


20 19 


20 33 


20 47 


21 3 


21 23 


21 43 


22 6 


22 31 


22 59 




36 


19 45 


19 55 


20 3 


20 II 


20 22 


20 34120 47 


21 2 


21 20 


21 39 


21 59 


22 22 


22 48 


23 16 




38 


19 59 


20 9 


20 17 


20 25 


20 37 


20 49 


21 3 


21 18 


21 36 


21 55 


22 16 


22 39 


23 5 


23 34 




40 


20 12 


20 23 


20 32 


20 40 


20 52 


21 4 


21 18 


21 33 


21 51 


22 10 


22 33 


22 56 


23 23 


23 51 




42 


20 25 


20 37 


20 46 


20 54 


21 6 


21 19 


21 33 


21 48 


22 6 


22 25 


22 49 


23 13 


23 40 


24 8 


. 


44 


20 39 


20 51 


21 


21 9 


21 20 


21 33 


21 47 


22 4 


22 22 


22 41 


23 5|23 30 


23 5624 26 




46 


20 53 


21 5 


21 14 


21 23 


21 34 


21 48 


22 2 


22 19 


22 37 


22 56 


23 2i;23 46 


24 13 24 43 




48 


21 7 


21 19 


21 27 


21 36 


21 48 


22 2 


22 17 


22 34 


22 52 


23 13 


23 36 


24 2 


24 3o;25 


: 


50 


21 21 


21 32 


21 40 


21 51 


22 3 


22 16 


22 32 


22 49 


23 7 


23 29 


23 52 


24 18 


24 47 


25 18 




52 


21 33 


21 46 


21 54 


22 4 


22 16 


22 30 


22 46 


23 4 


23 23 


23 45 


24 9 


24 35 


25 4 


25 35 




54 


21 46 


21 59 


22 8 


22 19 


22 31 


22 44 


23 


23 19 


23 39 


24 I 


24 25 


24 52 


25 21 


25 53 




56 


21 58 


22 13 


22 21 


22 32 


22 45 


23 


23 i6 


23 34 


23 54 


24 t6 


24 41 


25 8 


25 38 


26 10 




58 


22 II 


22 26 


22 34 


22 46 


22 59 


23 15 


23 31 


23 49 


24 9 


24 32 


24 57 


25 25 


25 55 


26 27 




III 


22 24 


22 39 


22 48 


23 


23 13 


23 29 


23 45 


24 3 


24 25 


24 47 


25 13 


25 41 


26 12*26 45 





137 
neduction to the Meridian and Azimuth Table near the Meridian below the Pole. 

•X- € AKQ^S and ^ ORUOIS. 



m. 

4 



m. 
8 



la 



m. 
16 



m. I m. 
20 I fl4 



m. 
26 



28 



30 



86 



m. 
88 



m. 
40 



m. 
42 



Reductions. 



34 
40 
50 
60 



02 


0-9 


2-0 


3-6 


5-6 


8-0 


9-4 


1 
109 


12-5 


f 
14-2 


i6*o 


i8-o 


1 

20-0 


0*2 


08 


19 


33 


5-2 


75 


8-8 


IO-2 


117 


13*3 


150 


i6-8 


187 


0-2 


07 


1-6 


2-9 


4-6 


6-6 


77 


»'9 


IO"2 


117 


13-2 


14-8 


16-4 


02 


06 


14 


2*5 


3-8 


55 


6-5 


7*5 


8-6 


9-8 


ii-i 


124 


13-8 



22'2 

20'8 

182 
15-3 



245 

229 

20*1 
16*9 

















Azimuths. 















































e 














34 


05 


10 


1*5 


20 


2b 


31 


33 


3t> 


3-« 


41 


4*3 


4-6 


49 


51 


54 


40 


0-5 


I'O 


1-6 


21 


2-6 


31 


34 


30 


3-9 


4*1 


4'4 


47 


49 


5'2 


5-4 


50 


05 


II 


1-6 


2-2 


27 


32 


35 


3-8 


4*1 


4*3 


4'^ 


49 


51 


54 


57 


60 


06 


1-2 


1-8 


23 


2-9 


3'5 


3-« 


41 


44 


4*7 


50 


53 


5b 


59 


6-2 



268 

25' I 
22-0 

i8-5 



5-6 
57 
5'9 
6-4 



Lat. 



m. 
46 



m. 
47 



m. 
48 



51 



m. 
52 



m. 
55 



56 



67 



m. 
58 



m. 
59 






/ 


, 


1 


34 


28- 1 


293 


306 


36 


27-5 


287 


300 


38 


269 


28-1 


293 


40 


263 


274 


286 


42 


25-6 


26-8 


280 


44 


250 


26-1 


273 


46 


24-4 


25-5 


266 


48 


237 


248 


259 


50 


230 


24- 1 


251 


52 


22*3 


233 


244 


54 


21-6 


22-6 


23-6 


56 


20*9 


21.9 


22-8 


5« 


202 


2I-I 


220 


60 


19-4 


203 


21-2 



34 
40 

50 
60 



31-9 
31-2 
306 
29-9 
292 
28-4 

277 
27*0 
26- 2 

254 
24*6 
238 
230 

22' I 



333 

326 
31-8 
311 

304 
296 
28-9 

28-1 

27-3 
26*5 
25*6 
248 

239 
230 



34-6 


36*0 


339 


353 


331 


34-5 


324 


337 


31-6 


329 


30-8 


32- 1 


301 


31-3 


293 


304 


28-4 


296 


276 


287 


267 


27-8 


258 


269 


249 


259 


239 


24-9 



Reductions. 



37*5 389 
367 381 
35-8 372 
350 , 364 



342 
334 
325 
31-6 
307 

298 
28-9 
27-9 
26-9 
25-9 



35'5 
347 
33-8 
329 
31-9 
31-0 
300 
290 
280 
26-9 



Azimuths. 



60 



40-4 


41-9 


43-4 


450 


46<3 


48-2 


39-5 


410 


425 


44-0 


45-b 


47*1 


38-6 


40*1 


415 


43-0 


44-5 


4b- 1 


37-8 


39-2 


406 


421 


43'5 


450 


36-9 


38-2 


396 


41*1 


425 


44 -o 


360 


373 


387 


40- 1 


415 


42-9 


350 


3b-4 


377 


390 


40-4 


41-8 


34" I 


35-4 


3^7 


380 


393 


407 


33-1 


344 


35-6 


369 


38-2 


396 


322 


33-4 


34-6 


35-8 


37'i 


384 


312 


323 


335 


347 


359 


37-2 


30- 1 


312 


324 


335 


347 


35'9 


290 


30- 1 


31-2 


323 


33'5 


346 


279 


28-9 


300 


3I-I 


322 


333 
















































57 


59 


60 


6-1 


6-2 


6-4 


^5 


6-6 


6-8 


6-9 


70 


7-1 


7'3 


7-4 


7-5 


5-8 


59 


61 


6-2 


6-3 


65 


6-6 


6-7 


6-8 


70 


7-1 


7-2 


7'3 


7-5 


7-6 


61 


6-2 


6-4 


6-5 


66 


6-8 


6-9 


70 


72 


7*3 


7'4 


7-6 


77 


7-8 


8-0 


6-6 


67 


6-9 


70 


72 


7-3 


75 


7-6 


7-8 


79 


8-1 


8-2 


8-3 


8-5 


8-6 



49-8 
487 
477 
466 

45*5 
44 '4 
432 
42* I 
409 

397 
384 
371 
35-8 

34*4 



7-6 

77 
81 
8-8 



34 
36 

38 
40 
42 

44 
46 

48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 



1 HOUR. 



m. 
1 



m. 
2 



m. 

4 



m. 
7 



m. 
8 



m. 
9 



10 



m. 
11 



m. 
13 



m. 
14 



Reductions. 



49-8 


51-5 


532 


54*9 


56-6 


58-4 


602 


62-0 


63-9 


657 


676 


696 


71-5 


73'5 


487 


50"4 


52-0 


537 


55-4 


57-1 


58-9 


607 


b2-5 


64-3 


66-2 


68-1 


70-0 


720 


477 


493 


509 


52-5 


542 


559 


57-b 


59-4 


bii 


629 


64-8 


66-6 


68-5 


70-4 


466 


48-1 


497 


513 


530 


54-6 


56-3 


580 


597 


6i-5 


633 


651 


669 


68-8 


455 


47-0 


48-5 


50-1 


517 


53-3 


55*o 


56-6 


58-3 


6o-i 


6i-8 


636 


65-4 


672 


444 


45*9 


47*4 


48-9 


505 


520 


53-6 


55'3 


569 


586 


603 


620 


63-8 


65-5 


432 


447 


46-1 


47-6 


49'2 


507 


523 


53-8 


55-5 


57-1 


58-8 


6o-4 


62-1 


63-9 


421 


435 


449 


46-4 


47-8 


464 


509 


52-4 


540 


55-6 


57-2 


58-8 


6o-5 


622 


41-5 


429 


44-3 


457 


47-2 


487 


50-2 


517 


53*2 


54-8 


56-4 


58-0 


596 


613 


409 


423 


437 


45-1 


4b-5 


48-0 


494 


510 


52-5 


54-0 


55-6 


57-2 


58-8 


604 


403 


41-6 


430 


44-4 


45-8 


47*3 


487 


50-2 


517 


532 


54-8 


56-3 


57'9 


59-5 


397 


410 


42-4 


437 


45- 1 


4b-5 


48-0 


49*4 


509 


52-4 


539 


55-5 


57'i 


586 


39- 1 


404 


417 


431 


44*4 


45-8 


47-2 


487 


501 


51-6 


531 


54-6 


562 


577 


384 


397 


41-0 


42-4 


437 


45-1 


4b-5 


479 


49'3 


508 


523 


537 


55*3 


5b-8 


37-8 


39- 1 


40-4 


417 


430 


443 


457 


47-1 


485 


499 


51-4 


529 


54'3 


559 


37-1 


384 


397 


40-9 


422 


43-6 


449 


46-3 


477 


49-1 


50-5 


520 


534 


54*9 


365 


377 


390 


40-2 


415 


42-8 


44-1 


45-5 


468 


48-2 


496 


510 


52-5 


539 


35-8 


370 


38-2 


39*5 


407 


420 


433 


44b 


460 


47-3 


487 


50- 1 


51-5 


529 


35' I 


363 


375 


387 


400 


41-2 


425 


43-8 


45-1 1 46-4! 


47-8 


49-1 


505 


51-9 


34'4 


35-6 


36-8 


380 


39-2 


404 


417 


429 


44*2 


45-5 1 


46-8 


48-2 


49-5 


509 



Azimuths. 



75-5 
73-9 
723 
707 
690 

67-3 
65-6 
639 
630 
62*1 

6i-2 
6o*3 

59-3 
58-4 

57-4 

56-4 
55-4 
54'4 
534 
52-3 












e 
































e 


7-6 


7-8 


7'9 


8-0 


8-1 


8-3 


8-4 


8-5 


8-b 


8-8 


8-9 


90 


91 


93 


94 


77 


79 


80 


8'i 


8-2 


8-4 


8-5 


8-6 


8-8 


8-9 


90 


91 


9-2 


9'4 


95 


81 


8-2 


8-4 


8-5 


8-6 


8-8 


8'9 


90 


92 


93 


9-4 


9-6 


97 


9-8 


100 


8-8 


8-9 


91 


9-2 


9-4 


95 


97 


9-8 


99 


lOI 


IO-2 


IO-4 


IO-5 


107 


iO'8 



m. 
15 



77-6 
759 
74*3 
726 
709 

69-2 
67-4 
656 
647 
638 

628 
6i'9 
6o'9 
599 
58-9 

579 
569 
559 
54-8 
537 



95 
9-6 

lOI 

ii-o 



138 
Reduction to the Meridian and Azimuth Table near the Meridian below the Pole. 

■K- «> OENTAURI. 



L...I - - 


m. 


m. 


1 m. 1 m. 
20 1 24 


1 m. 


1 m. 


m. 


m. 1 m. 
82 84 


m. 1 m. •! m. 1 m. 1 


m. 1 


12 


16 


26 


28 


80 


36 88 40 


42 


44 L 


Reductions. 1 


of'"'' ■ ' 

30 


0*2 


f 
09 


1 

2*0 


1 

3-6 


5-6 


8-1 


1 
9*4 


io'9 


12-6 


143 


i6-i 


181 


20-I 


22-3 


24'-6 


270 


40 


02 


08 


1-8 


32 


50 


72 


8-5 


9'9 


"•3 


12-3 


14-5 


l6-2 


181 


20-I 


22*1 


243 


50 


02 


07 


1-6 


2-8 


4*4 


6-4 


7*5 


87 


100 


11-3 


12-8 


14*3 


160 


177 


19*5 


214 


60 


o-i 


06 


1*3 


24 


37 


54 


6-3 


73 


8-4 


9-6 


10-8 


121 


135 


149 


i6-5 


181 


Azimuths. | 
































e 


e 

















30 


05 


I'O 


1*5 


20 


25 


30 


32 


35 


37 


39 


42 


44 


47 


49 


52 


54 


40 


05 


10 


1*5 


20 


2-5 


30 


33 


35 


3-8 


40 


4*3 


4'5 


47 


50 


52 


55 


50 


05 


10 


1-6 


21 


2-6 


32 


3-4 


37 


3*9 


42 


45 


47 


5-0 


53 


55 


5-8 


60 


06 


II 


17 


2-3 


29 


3*4 


37 


40 


43 


4-6 


4-9 


5*2 


54 


57 


60 


6-3 


1 


L-IT5 


m. 


m. 


m. 


m. 1 m. 
49 1 50 


ni. 


m. 


m. 1 in. 1 m. I m. 


in. 


m. 


m. 


m. 


46 


47 


48 


61 


52 


53 1 54 1 55 1 56 


67 


68 


59 


60 1 


Reductions. 1 



30 


28-2 


29-5 


30-8 


32-1 


33*4 


34-8 


36-2 


37-6 


39- 1 


1 
406 


421 


43-6 


45-2 


468 


48-4 


500 


34 


27-1 


28-3 


295 


30-8 


321 


334 


34-8 


361 


37-5 


390 


404 


41-9 


434 


449 


465 


480 


38 


26*0 


271 


28-3 


29-5 


308 


320 


333 


34-6 


360 


373 


387 


40-1 


416 


431 


44-5 


461 


42 


248 


259 


27-1 


282 


294 


306 


31-8 


331 


344 


357 


37-0 


38-4 


397 


411 


426 


440 


46 


236 


247 


257 


269 


280 


29- 1 


303 


31-5 


327 


340 


35-2 


36-5 


37-8 


392 


405 


41-9 


50 


22-4 


234 


24-4 


25-4 


26-5 


276 


287 


298 


310 


322 


334 


34-6 


35-8 


37-1 


384 


39 7 


52 


217 


227 


237 


247 


257 


268 


27-9 


29-0 


301 


31-2 


32-4 


33-6 


34-8 


36*0 


37-3 


38-6 


54 


211 


220 


230 


24-0 


250 


260 


270 


28-1 


29-2 


30-3 


31-4 


326 


337 


349 


361 


374 


56 


20-4 


21-3 


22-2 


23-2 


241 


25-1 


26*2 


27-2 


28-2 


29-3 


30-4 


31-5 


327 


33-8 


35-0 


36-2 


58 


197 


206 


21-5 


224 


233 


243 


252 


262 


27-3 


283 


29*4 


304 


315 


326 


33-8 


34-9 


60 


18-9 


198 


20-6 


21-5 


224 


233 1243 


252 


262 


27-2 


282 


293 


303 


314 


325 


33-6 


A2 


:iMUTI 


\ 


e 

















1 





























30 


5'5 


5-6 


5-8 


5-9 


60 


6-1 6-2 


6-4 


6-5 


6-6 


67 


6-9 


70 


71 


7-2 


73 


40 


5-6 


57 


59 


60 


61 


6-2 


6-4 


6-5 


6-6 


67 


6-9 


70 


71 


7-2 


7-4 


7-5 


50 


5*9 


6-0 


6-2 


6-3 


6-4 


6-6 


67 


6-8 


70 


71 


7-2 


7*3 


7'5 


7-6 


77 


7-9 


. 60 


6-4 


6-6 


67 


6-9 


7-0 


7*1 


7'3 


7'4 


7-6 


77 


7"9 


8-0 


81 


8-3 


8-4 


8-6 


1 


Lat. 


3 


HOUI 


I. 


\ 


m. 


m. 


m. 


m. 


in. 1 ni. 
4 1 5 


1 m. 


m. 


1 m. 


m. 1 m. 
9 1 10 


m. m. 


m. 


m. 


m. 1 







1 


2 


8 


1 6 


7 


1 8 


11 12 


13 


14 


15 1 


Re 


DUCTI 


ONS. 1 

1 I 1 1 r 1 1 



30 


50-0 


517 


53'4 i 55'i 56-9 


58-6 


60-4 


62-3 


64-1 


660 


67-9 


69-9 


71-8 


738 75-9 


77-9 


32 


490 


507 


523 540 55'8 


57'5 


593 


611 


629 


647 


66-6 


68-5 


70-4 


72-4 74-4 


764 


34 


48-0 


497 


513 530 546 


56-3 58-1 


59-8 


6i-6 


634 


65-3 


67-1 


69-0 


7I-0 72-9 


74-9 


36 


47-1 


486 


502 , 51-8 


53-5 


55'2 


569 


586 


6o'4 


621 


639 


658 


676 


69-5 71-4 


733 


38 


46-1 


476 


49-2 ' 50-8 


524 


540 


557 


57*4 


59-1 


6o-8 


626 


64-4 


66-2 


680 699 


71-8 


40 


450 


465 


48- 1 


49-6 


51-2 


528 


544 


56-1 


57-8 


59-5 


6i-2 


630 


647 


665 684 


70-2 


42 


44-0 


45-5 


47-0 


48-5 


50- 1 


51-6 


53-2 


54-8 


56-5 


58-1 


59-8 


61-5 


63-3 


65-0 66-8 


68-6 


44 


43-0 


44 '4 


459 


47'4 


48-9 


50-4 520 


53-5 


551 


56-8 


58-4 


60- 1 


6i-8 


635 65-2 


67-0 


46 


41-9 


43*3 


447 


46*2 


477 


491 


507 


522 


53-8 


55*3 


570 


58-6 


602 


61-9 ^ 636 


65-3 


47 


41-4 


427 


44-2 


45-6 


470 


485 


500 


51-5 


531 


54-6 


56-2 


57-8 


59-5 


6i-i 1 628 


64-5 


48 


40-8 


42-2 


43-6 . 45-0 


464 


47*9 


494 


509 


52-4 


539 


55'5 


57'i 


587 


603 ' 620 


636 


49 


403 


41-6 


430 1 44*4 


45-8 


47-2 


487 


502 


517 


53'2 


547 


56-3 


579 


595 61 I 


628 


50 


397 


41-0 


42-4 j 43-8 


45-2 


46-6 1 480 


495 


510 


52-5 


54"o 


55-5 


57-1 


587 60-3 


61-9 


51 


39-1 


40-5 


4i'8 1 43"i 


44'5 


459 473 


48-8 


50-2 


517 


532 


547 


563 


57'8 , 594 


610 


52 


386 


399 


41-2 1 42-5 


439 


452 I 466 


480 


49*5 


509 


524 


53*9 


554 


57-0 1 58-5 


601 


53 


380 


39 3 


40-5 ,41-9 


432 


44*5 ' 45-9 


47"3 


487 


50-2 


51-6 


53' I 


54-6 


56-1 577 


59-2 


54 


37*4 


386 


39-9|4i-2 


425 


43*9 '45-2 


46-6 


480 


49-4 


508 


523 


53-8 


55-2 , 56-8 


583 


55 


36-8 


38-0 


393 40-5 


41-8 


431 ;44-5 


45-8 


47-2 


48-6 


500 


51-4 


529 


54'4 55'9 


574 


56 


36-2 


37*4 


386 ' 39-9 


4I-I 


42-4 , 437 


45-1 


46-4 


47-8 


49-2 


506 


520 


535 54'9 


564 


57 


35-5 


367 


380 39-2 


404 


417 


430 


44'3 


45-6 


47-0 


483 


497 


5I-I 


525 540 


554 


58 


34'9 


361 


37-3 38-5 


39 7 


410 


42-2 


43-5 


44-8 


46-1 


47-5 


48-8 


50-2 


51-6 53-0 


54-5 


59 


34*3 


35-4 


366 37-8 


390 


40-2 


41-4 


427 


44-0 


45-3 


466 


47-9 


49'3 


507 i 52-0 


53-4 


60 


33-6 


347 


359 37'o 


38-2 


39'4 


40-6 


41-9 


431 


44*4 


457 


47-0 


48-3 


497 510 


524 


A 


ZIMUT 


1 








































e 











30 


7-3 


7-5 


7-6 


77 


7-8 


7-9 


8-1 


8-2 


8-3 


8-4 


8-5 


8-6 


8-8 


8-9 


90 


91 


40 


7'5 


7-6 


77 


7-8 


80 


8-1 


8-2 


8-3 


8-5 


8-6 


87 


8-8 


8-9 


9-1 


92 


93 


50 


7"9 


80 


8-1 


8-2 


8-4 


8-5 


8-6 


8-8 


8-9 


9-0 


92 


9-3 


9-4 


9-6 


97 


9-8 


60 


8-6 


87 


8-8 


90 


9;i 


9*3 


9-4 


9-6 


97 


9-8 


100 


lOI 


io'3 


IO-4 


106 


107 
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neduction to the Meridian and Azimuth Table near the Meridian below the Pole. 

M- « ARGUS and ^ CRUCIS. 



Lat. I 



m. 



m. 
16 



m. I m. 

ao I ai 



m. 
28 



80 



T 



m. 
86 



m. 
88 



40 



m. 
42 



Reductions. 



34 
40 
50 
60 



02 


o'g 


1 
20 


3-6 


1 
5-6 


8-0 


94 


109 


12-5 


14-2 


1 
i6-o 


i8-o 


1 
200 


1 \ 1 
222 1 245 


02 


0-8 


1*9 


33 


5-2 


7'5 


8-8 


IO-2 


117 


13-3 


150 


i6-8 


187 


20-8 ! 229 


02 


07 


1-6 


2-9 


4-6 


6-6 


77 


8-9 


IO'2 


117 


132 


14-8 


i6-4 


l8-2 20- 1 


0-2 


06 


14 


25 


3-8 


5*5 


6-5 


7*5 


8-6 


9-8 


ii'i 


124 


13-8 


15-3 169 



Azimuths. 



o*5 
06 



10 
i-o 
II 
12 



1-5 
1-6 
1-6 
1-8 



2*0 
2-1 
22 
23 



2-6 
2-6 

27 

2-9 



31 
31 
32 

35 



33 
3'4 

35 
3-8 



3-6 
3-6 
3-8 
41 



3-8 
39 
4*1 
44 



41 
4-1 
4*3 
47 



4'3 
4*4 
4-6 
50 



4-6 
47 
49 
5'3 



49 
49 
51 
5-6 



51 
52 

5-4 
59 



54 
5*4 
57 
6-2 



268 
251 

22'0 
185 



5-6 
57 
5'9 
6-4 



^1 Ts 



I m. 
I *6 



47 



48 



m. 
49 



61 



52 



53 



m. 
55 



66 



67 



58 



59 



34 
36 
38 
40 

42 

44 
46 

48 
50 
52 
54 
56 
58 
60 



Reductions. 



28-1 


29-3 


306 


31-9 


333 


34-6 


27*5 


287 


300 


31-2 


32-6 


339 


269 


28-1 


293 


306 


31-8 


331 


26-3 


27-4 


286 


29-9 


311 


324 


25-6 


268 


280 


292 


30-4 


31-6 


250 


26- 1 


27-3 


28-4 


296 


308 


24-4 


255 


266 


277 


28-9 


30 I 


237 


248 


25-9 


27-0 


28-1 


293 


230 


24- 1 


25- 1 


262 


27-3 


2S-4 


223 


233 


24-4 


25'4 


265 


27-6 


21-6 


22-6 


23-6 


24-6 


25-6 


267 


209 


21.9 


22-8 


238 


248 


258 


202 


2I-I 


220 


230 


23-9 


249 


19-4 


203 


21*2 


22- 1 


230 


239 



360 

353 
345 
337 

329 
32- 1 

31*3 
30"4 
29*6 

287 
27-8 
269 
25'9 
240 



37-5 
367 
35-8 
350 

342 
334 



389 
381 
37*2 
364 
355 
347 



325 i 338 
31-6 329 
307 j 31-9 
298 31-0 
289 I 300 
279 I 290 
26-9 28*0 
25-9 269 



Azimuths. 


















34 


57 


59 


60 


6-1 


40 


5-8 


5"9 


61 


6-2 


50 


61 


6-2 


6-4 


6-5 


60 


6-6 


67 


6-9 


7-0 



6-2 

6-3 
6-6 
7-2 



6-4 
6-5 
6-8 

7-3 



m. 
60 



40-4 


41-9 


43'4 


450 


46-6 


482 


39-5 


41-0 


42-5 


440 


45-6 


47" I 


38-6 


40- 1 


41-5 


43-0 


44-5 


46- 1 


37-8 


39-2 


406 


42-1 


43-5 


450 


369 


38-2 


39-6 


4i'i 


42-5 


44 -o 


360 


37-3 


387 


40-1 


41-5 


42-9 


350 


3b-4 


377 


39-0 


404 


41-8 


34-1 


35-4 


3^7 


38-0 


393 


407 


331 


34-4 


35-6 


369 


382 


39-6 


322 


33-4 


34-6 


35-8 


37-1 


384 


312 


323 


33-5 


347 


359 


37-2 


30- 1 


31-2 


324 


335 


347 


35*9 


290 


30-1 


31-2 


32-3 


335 


346 


279 


28-9 


300 


3i-i 


322 


333 






























b-5 


6-6 


6-8 


6-9 


70 


7-1 


7-3 


7-4 


rs 


6-6 


6-7 


6-8 


70 


7*1 


72 


7'3 


7-5 


7-6 


6-9 


70 


7-2 


7'3 


74 


7-6 


77 


7-8 


8-0 


75 


7-6 


7'ii 


7'9 


8-1 


8-2 


8-3 


8-5 


8-6 



49-8 
487 
477 
46-6 

45-5 

44"4 

432 

42- 

409 

397 
38-4 
37*1 
35-8 
344 



7-6 

77 
81 
8-8 



Lat. 



34 
36 
38 
40 
42 

44 
46 

48 
49 
50 

51 
52 
53 
54 
55 
.56 
57 
58 
59 
60 



1 HOUR. 



m. 




ID. 

1 



m. 
2 



m. 
8 



"I 



m. 
7 



5 1 



11 



m. 
12 



m. 
13 



Reductions. 



49-8 


51-5 


532 


54'9 


56-6 


58-4 


6o-2 


62*0 


63-9 


657 


676 


696 


71-5 


73-5 


487 


50'4 


52-0 


537 


55-4 


57-1 


58-9 


607 


62-5 


64-3 


66-2 


68-1 


70*0 


720 


477 


493 


509 


52-5 


54"2 


559 


57-6 


594 


6i-i 


62-9 


64-8 


66-6 


68-5 


70-4 


466 


48-1 


497 


513 


530 


54'6 


56-3 


58-0 


597 


6i-5 


63-3 


65-1 


66-9 


68-8 


45'5 


47-0 


48-5 


50- 1 


517 


533 


55-0 


56-6 


58-3 


6o-i 


6i-8 


636 


65-4 


67-2 


44-4 


45-9 


47'4 


48-9 


50-5 


52-0 


53-6 


55'3 


56-9 


58-6 


6o-3 


620 


63-8 


65-5 


43*2 


447 


46*1 


476 


49-2 


507 


523 


53-8 


55-5 


57-1 


58-8 


60-4 


62-1 


63-9 


42-1 


43'5 


449 


46-4 


47-8 


464 


509 


52*4 


54-0 


55-6 


57*2 


58-8 


6o-5 


62*2 


41-5 


42-9 


44*3 


457 


47-2 


487 


50-2 


517 


53-2 


54-8 


5b-4 


58-0 


59t> 


61-3 


409 


42-3 


437 


45-1 


46-5 


48-0 


49'4 


510 


52-5 


540 


55-6 


57-2 


58-8 


604 


40-3 


41-6 


430 


44*4 


45-8 


47-3 


487 


50-2 


517 


532 


54-8 


56-3 


57*9 


59-5 


397 


41-0 


42-4 


437 


45-1 


46-5 


48-0 


49-4 


509 


52-4 


53"9 


55-5 


57*1 


586 


39-1 


40-4 


417 


431 


444 


45-8 


47-2 


487 


50- 1 


51b 


53'i 


54-b 


562 


577 


38-4 


397 


41-0 


42-4 


437 


45-1 


4b-5 


479 


49"3 


50-8 


52-3 


537 


55'3 


5b-8 


37-8 


39' I 


40-4 


417 


430 


44*3 


457 


47'i 


48-5 


499 


51-4 


529 


54-3 


559 


37*1 


384 


397 


409 


42-2 


436 


44-9 


463 


477 


49-1 


50-5 


52-0 


53'4 


54-9 


36-5 


377 


390 


40-2 


41-5 


42-8 


44-1 


45'5 


468 


48-2 


496 


510 


52-5 


53'9 


35-8 


370 


38'2 


395 


407 


420 


433 


44-b 


460 


47*3 


487 


50- 1 


51-5 


52-9 


351 


363 


37-5 


387 


400 


41-2 


42-5 


43-8 


45-1 


4b-4 


47-8 


49-1 


505 


51-9 


34-4 


35-6 


36-8 


380 


39*2 


404 


417 


429 


44*2 


45'5 


46-8 


482 


49-5 


50-9 



75*5 
739 
723 
707 
690 

67-3 
656 
63-9 
630 

62-1 

6l*2 

6o'3 
59*3 
58-4 
57-4 

56-4 
55-4 
54'4 
53-4 
523 



Azimuths. 
















































7-6 


7-8 


7'9 


8-0 


8-1 


8-3 


8-4 


8-5 


8-6 


8-8 


8-9 


90 


91 


9*3 


94 


77 


79 


80 


8-1 


8-2 


8-4 


8'5 


8-6 


8-8 


8-9 


90 


91 


9-2 


9*4 


95 


81 


8-2 


8-4 


8-5 


8-6 


8-8 


8-9 


90 


92 


9*3 


9-4 


9-6 


97 


9-8 


100 


8-8 


8-9 


9-1 


9-2 


9'4 


95 


97 


9-8 


99 


lOI 


IO-2 


10-4 


105 


107 


IO-8 



15 



77-6 
75'9 
74-3 
726 
709 

69*2 
67-4 
65-6 
647 
63-8 

62-8 
61-9 
609 
599 
58-9 

579 
569 
55-9 
54-8 

537 



95 
9-6 

lOI 
II'O 



140 



Reduction to the Meridian and Azimutli Table near the Meridian beiow the Pole. 

•Jf a ORUCIS. 



L.t »• 


m. 


m. 


m. 


m. 1 ni. 
20 1 24 


m. 


m. 


-isn 


m. 1 m. 
32 1 34 


m. 


m. 


in. 


m. m. 1 


8 


12 


16 


23 


23 


30 


86 1 


88 


40 


42 44 1 


Reductions. 1 

l.a.i, . I.ill 




30 


» 
02 


0-8 


t 
1-9 


1 
33 


1 
53 


75 


8-8 


1 
102 


1 1-8 13-4 


1 
151 


i6-8 


i8'9 


209 


230 


251 


40 


0-2 


0-8 


17 


30 


47 


6-8 


80 


9-4 


10-6 


II-9 


137 


15-3 


17-1 


18-9 


20-8 


22*9 


50 


0-2 


07 


1*5 


27 


4'2 


60 


71 


8-2 


94 


IO-8 


121 


13-6 


15-2 


i6-8 


i8-5 


204 


60 


01 


06 


13 


23 


3-6 


5*1 


61 


70 


80 


92 


104 


II-6 


130 


143 


157 


174 


Azimuths. | 














0^ 





o„ 






















0^ 


o_ 





30 


05 


09 


1*4 


1-8 


23 


2-8 


30 


32 


3*5 


37 


39 


41 


44 


4-6 


4-8 


50 


40 


05 


09 


14 


19 


2-4 


2-8 


31 


33 


3*5 


3-8 


40 


4-2 


4'5 


47 


49 


5*2 


50 


05 


10 


15 


20 


25 


30 


3-2 


3*5 


37 


40 


4-2 


4*5 


47 


50 


5*2 


5'5 


60 


05 


I'l 


1-6 


2-2 


27 


33 


35 


3-8 


41 


44 


4-6 


49 


5*2 


5*5 


57 


60 


1 


Lat. ^• 


111. 


m. 


■ m. " 


m. 1 m. 1 
49 1 50 1 


m. 


m. 


111. 111. 1 m. 
53 54 1 55 


m. 


m. 1 in. 


m. 1 m. 1 


46 


47 


« 


51 


52 


58 


57 1 58 


59 1 60 1 


Reductions. | 





1 


1 


, 


4 


1 


1 


i 


, 


/ 


1 


/ 


t 


1 


1 


$ 


• 


28 


268 


28-1 


293 


305 


318 


331 


34*4 


35-8 


372 


386 


400 


41-5 


430 


445 


46-0 


47-6 


32 


259 


270 


282 


294 


306 


319 


33-2 


345 


35-8 


37-2 


386 


400 


414 


429 


44*4 


459 


36 


249 


260 


272 


28-3 


294 


307 


31-9 


332 


345 


35-8 


371 


385 


399 


41-3 


427 


442 


40 


239 


250 


261 


272 


28-3 


295 


306 


31-9 


33' I 


343 


35-6 


369 


382 


396 


410 


424 


44 


229 


239 


24-9 


260 


271 


28-2 


293 


305 


317 


329 


341 


35*3 


36-6 


37'9 


392 


405 


48 


21-8 


227 


237 


24-8 


258 


268 


27-9 


290 


302 


313 


325 


337 


349 


361 


37'4 


386 


52 


20*6 


21-5 


225 


23-5 


244 


254 


265 


275 


286 


297 


308 


31-9 


330 


34*2 


354 


366 


54 


20-0 


209 


21-8 


22-8 


237 


247 


257 


267 


277 


28-8 


299 


310 


32- 1 


332 


344 


35*5 


56 


19-4 


203 


21-2 


221 


230 


239 


249 


259 


269 


279 


289 


30*0 


311 


322 


333 


34-4 


58 


^V 


I9'6 


205 


21-3 


22-2 


231 


241 


250 


260 


270 


280 


290 


300 


311 


32-2 


333 


60 


i8-2 


189 


198 


20"6 


21-5 


223 


232 


24-1 


25-1 


26-0 


27*0 


280 


290 


300 


31*0 


321 


Azimuths. | 
































e 





• 














30 


5*2 


5*3 


5*4 


5-5 


5-6 


57 


5-8 


60 


61 


6-2 


6-3 


6-4 


6-5 


6-6 


67 


6-9 


40 


53 


54 


ys 


5-6 


5-8 


59 


60 


61 


6-2 


6-3 


6-5 


6-6 


67 


6-8 


6-9 


70 


50 


5-6 


57 


5'^ 


60 


61 


6-2 


6-3 


6-5 


6-6 


67 


6-8 


7-0 


71 


7*2 


73 


7-4 


60 


61 


6-3 


6-4 


6-5 


67 


6-8 


70 


71 


72 


7*4 


7'5 


7-6 


7-8 


7*9 


80 


8-2 


1 


Lat. 


1 HOUR. 1 


m. 


m. 


m. 


m. 


m. 1 m. 
4 1 6 


HI. 


m. 


m. 


m. 1 in. 
9 10 


m. 


m. m. 


m. 


m. 1 







1 


a 


8 


6 


7 


8 


11 


12 13 


14 


15 


Reductions. 1 


28 


47-6 


49-2 


50-8 


1 
52-4 


54*1 


55-8 


57'5 


593 


t 
6i'0 


62-8 


64-6 


66-5 1 68-4 


703 


t 
722 


74- 1 


30 


467 


48-3 


499 


51-5 


531 


54-8 


565 


58-2 


599 


617 


63-5 


653 67-2 


69-0 


709 


728 


32 


45-9 


47*4 


490 


505 


522 


53-8 


55-5 


57-1 


58-8 


606 


623 


641 


65*9 


677 


696 


715 


34 


45-0 


46-5 


48-1 


496 


512 


52-8 


54-4 


561 


577 


594 


6i-2 


62*9 


647 


66-5 


68-3 


70-2 


36 


44-2 


45-6 


47' I 


487 


502 


51-8 


53-4 


550 


566 


58-3 


600 


617 


634 


65-2 


67*0 


68-8 


38 


43'3 


447 


462 


4.77 


49'2 


507 


523 


53*9 


55*5 


57-1 


58-8 


60-5 


62*2 


639 


657 


67-4 


40 


424 


43-8 


45*2 


467 


482 


497 


51-2 


52-8 


54-4 


560 


57-6 


59*2 


609 


626 


64-3 


66- 1 


42 


41*5 


429 


44*3 


457 


471 


486 


50-1 


51-6 


532 


547 


56-4 


580 


596 


61-3 


629 


64-6 


44 


40-5 


419 


43*3 


447 


461 


47*5 


49-0 


505 


520 


535 


55-1 


567 


58-3 


599 


615 


632 


46 


396 


409 


422 


43-6 


450 


464 


479 


493 


508 


523 


53-8 


554 


56-9 


58-5 


6o-i 


617 


48 


38-6 


399 


41-2 


426 


439 


45*3 


467 


481 


49-5 


51-0 


52-5 


54-0 


55'5 


57*1 


58-6 


6o-2 


49 


381 


394 


407 


420 


434 


447 


46-1 


47-5 


48-9 


504 


51-8 


533 


54-8 


563 


57-9 


59*5 


50 


37-6 


389 


40- 2 


415 


42-8 


44-1 


455 


469 


483 


497 


5I-I 


526 


54*1 


55-6 


57-1 


587 


51 


37-1 


383 


396 


409 


422 


43*5 


44'9 


46-2 


47-6 


490 


50-4 


51-9 


534 


54-8 


56-3 


57-9 


52 


36-6 


37-8 


39-1 


403 


41-6 


429 


442 


45-6 


470 


483 


49-8 


51-2 


52-6 


54-1 


55-6 


57-1 


53 


36-1 


37'3 


38-5 


397 


41-0 


423 


43-6 


44'9 


46-3 


47-6 


49-0 


50-4 


51-9 


533 


54-8 


56-3 


54 


35-5 


367 


37*9 


39-2 


40-4 


417 


430 


443 


45-6 


469 


48-3 


497 


5I-I 


52-5 


54-0 


55'4 


55 


350 


36-2 


37*3 


38-6 


39-8 


410 


42-3 


43-6 


449 


46*2 


47-6 


48-9 


503 


517 


531 


54-6 


56 


34*4 


35-6 


367 


37-9 


391 


40-4 


41-6 


429 


44-2 


45-5 


468 


482 


49*5 


509 


523 


53'7 


bl 


33*9 


35-0 


36-1 


37*3 


385 


397 


40-9 


422 


434 


447 


46-0 


47*4 


487 


501 


51-4 


52-8 


58 


33*3 


34*4 


35*5 


367 


37-9 


390 


40-2 


415 


427 


44-0 


45'3 


46-6 


47'9 


49-2 


506 


51-9 


59 


327 


33-8 


34*9 


360 


37'2 


383 


39*5 


407 


419 


432 


44*4 


457 


47-0 


48-3 


49-6 


510 


60 


32-1 


332 


342 


354 


36-5 


37-6 


38-8 


40-0 


412 


42-4 


43-6 


449 


46-1 


47-4 


487 


501 


Azimuths. | 





e 








- 






































30 


6-9 


70 


7-1 


7*2 


73 


74 


7-5 


7-6 


77 


7*9 


80 


8-1 


8-2 


8-3 


8-4 


8-5 


40 


7-0 


7*2 


7'3 


7*4 


7-5 


7-6 


77 


7-8 


80 


8-1 


8-2 


8-3 


8-4 


8'5 


8-6 


8-8 


50 


Z'4 


7-6 


r^ 


7-8 


7*9 


8-1 


8-2 


8-3 


8-4 


8-5 


87 


8-8 


8-9 


90 


92 


93 


Jl 


8-2 


8-3 


8-4 


8-6 


87 


8-9 


90 


91 


93 


94 


9*5 


97 


9-8 


99 


lO'I 


IO"2 



141 
True Bearing of ^ a Crucis at Hour^angies 1 Hour 1 6 Minutes to 3 Hours from 

Lower Transit. 



Below 
Pole. 

Hour- 
angles. 


LATITUDES. 1 


9fi 


W 


ar 


UP 


I8> 


440 


ir 


AT 


KP 


«• 


5A« 


MP 


StP 


60» 


H. M. 

1 i6 


l^' 


8 40 


!^'^ 


S52 


1 
857 


4 
9 3 


/ 
9 9 


t 
9 16 


i 
9 24 


i 
9 34 


/ 
9 44 


i 
9 56 


« 
10 8 


1 
10 21 


x8 


851 


853 


8 59 


9 6 


9 II 


9 17 


9 24 


9 31 


9 39 


9 49 


9 59 


10 IX 


10 24 


10 37 


ao 


9 4 


9 6 


9 12 


9 20 


9 25 


9 31 


9 38 


9 45 


9 54 


10 4 


10 14 


ID 26 


10 39 


10 54 


22 


9 17 


9 19 


9 26 


9 33 


9 39 


9 45 


9 52 


10 0. 


10 9 


10 19 


10 29 


10 42 


10 55 


II 10 


24 


9 30 


9 33 


9 39 


9 46 


9 53 


9 59 


10 6 


10 14 


10 23 


10 33 


10 44 


xo 57 


XI XI 


II 26 


26 


9 43 


9 46 


9 53 


10 


10 7 


10 13 


10 20 


10 29 


10 38 


10 48 


10 59 


II 13 


IX. 27 


II 42 


28 


9 56 


9 59 


10 6 


10 14 


10 21 


10 27 


10 34 


10 43 


10 52 


II 3 


II 14 


II 28 


II 43 


II 58 


30 


10 9 


10 12 


10 20 


10 28 


10 35 


10 41 


10 48 


10 58 


II 7 


II 18 


II 30 


II 44 


IX 59 


12 14 


32 


10 22 


10 25 


10 32 


10 41 


10 48 


10 55 


II 3 


II 12 


II 21 


II 33 


II 45 


II 59 


12 14 


12 30 


34 


10 35 


10 38 


10 45 


10 55 


II 2 


II 9 


II 17 


II 26 


II 36 


II 48 


12 


12 15 


12 30 


12 47 


36 


10 48 


10 52 


10 58 


II 8 


II 15 


II 23 


II 31 


II 40 


II 50 


12 2 


12 15 


12 30 


12 45 


13 3 


38 


II I 


II 5 


II II 


II 22 


II 29 


II 37 


II 45 


II 54 


12 5 


12 17 


12 30 


12 45 


13 I 


13 19 


40 


II 14 


II 18 


II 24 


II 36 


II 42 


II 51 


II 59 


12 8 


12 20 


12 32 


12 45 


13 


13 17 


13 35 


42 


II 27 


II 31 


II 38 


II 49 


II 56 


12 5 


12 13 


12 22 


12 35 


12 47 


13 


13 16 


13 32 


13 51 


44 


II 39 


II 43 


II 51 


12 3 


12 9 


12 18 


12 26 


12 36 


12 49 


13 I 


13 15 


13 31 


X3 48 


14 7 


^2 


II 52 


II 56 


12 4 


12 16 


12 23 


12 32 


12 40 


12 51 


13 3 


13 16 


13 30 


13 47 


14 4 


14 23 


48 


12 5 


12 9 


12 17 


12 29 


12 36 


12 45 


12 54 


13 5 


13 17 


13 30 


13 45 


14 2 


14 19 


14 39 


50 


12 18 


12 22 


12 30 


12 42 


12 49 


12 59 


13 8 


13 19 


13 31 


13 45 


14 


14 18 


14 35 


14 55 


52 


12 30 


12 35 


12 43 


12 55 


13 3 


13 12 


13 22 


13 33 


13 46 


14 


14 15 


14 33 


14 50 


15 II 


54 


12 43 


12 48 


12 57 


13 9 


13 17 


13 26 


13 36 


13 47 


14 


14 15 


14 30 


1448 


15 6 


15 27 


56 


12 55 


13 


13 10 


13 22 


13 30 


13 39 


13 50 


14 I 


14 14 


14 29 


14 45 


15 3 


15 22 


15 43 


58 


13 8 


13 13 


13 23 


13 36 


13 44 


13 53 


14 4 


14 15 


14 29 


14 44 


15 


15 18 


15 38 


16 


II 


13 20 


13 25 


13 35 


13 49 


13 57 


14 7 


14 18 


14 29 


14 43 


14 58 


15 15 


15 33 


15 53 


16 16 


2 


13 33 


13 38 


1348 


14 2 


14 II 


14 21 


14 32 


14 43 


14 57 


15 13 


15 30 


15 48 


16 9 


16 32 


4 


13 45 


13 51 


14 I 


14 15 


14 24 


14 34 


14 45 


14 57 


15 II 


15 27 


15 44 


16 3 


16 24 


16 48 


6 


13 57 


14 4 


14 14 


14 28 


14 37 


14 47 


14 59 


15 II 


15 26 


15 42 


15 59 


16 18 


16 40 


17 4 


8 


14 9 


14 16 


14 26 


14 41 


14 50 


15 


15 12 


15 25 


15 40 


15 56 


16 14 


16 33 


16 55 


17 19 


10 


14 22 


14 29 


14 39 


14 54 


15 3 


15 13 


15 26 


15 39 


15 54 


16 II 


16 29 


16 49 


17 II 


17 35 


12 


14 34 


14 41 


14 51 


15 7 


15 16 


15 27 


15 39 


15 53 


16 8 


16 25 


16 43 


17 4 


17 26 


17 50 


14 


14 46 


»4 53 


15 4 


15 20 


15 29 


15 41 


15 53 


16 7 


16 22 


16 40 


16 58 


17 19 


17 42 


18 6 


x6 


14 58 


15 5 


15 16 


15 33 


15 42 


15 54 


16 6 


16 21 


16 36 


16 54 


17 13 


17 34 


17 57 


18 23 


18 


15 10 


15 T7 


15 28 


15 46 


15 55 


16 7 


16 20 


16 35 


16 50 


17 8 


17 28 


17 49 


18 12 


18 39 


20 


15 22 


15 29 


15 41 


15 58 


16 8 


16 20 


16 33 


16 48 


17 4 


17 22 


17 42 


18 4 


18 27 


18 55 


22 


15 34 


15 41 


15 54 


16 II 


16 21 


16 34 


16 47 


17 2 


17 18 


17 37 


17 57 


18 19 


18 43 


19 II 


24 


15 46 


15 53 


16 6 


16 23 


16 34 


16 47 


17 


17 15 


17 32 


17 51 


18 II 


18 34 


18 59 


19 26 


26 


15 58 


16 5 


16 18 


16 36 


16 47 


17 


17 14 


17 29 


17 46 


18 6 


18 26 


18 49 


19 15 


19 42 


28 


16 9 


16 17 


16 30 


16 49 


17 


17 13 


17 27 


17 42 


18 


18 20 


18 41 


19 4 


19 30 


19 58 


30 


16 21 


16 29 


16 42 


17 2 


17 13 


17 26 


17 41 


17 56 


18 14 


18 34 


18 56 


19 19 


19 45 


20 14 


32 


16 32 


16 41 


16 55 


17 14 


17 25 


17 39 


17 54 


18 10 


18 27 


18 48 


19 10 


19 33 


20 


20 30 


34 


16 44 


16 53 


17 7 


17 27 


17 38 


17 52 


18 7 


18 24 


18 41 


19 2 


19 25 


19 49 


20 16 


20 46 


36 


16 56 


17 5 


17 19 


17 39 


17 51 


18 5 


18 20 


18 37 


18 55 


19 16 


19 39 


20 4 


20 31 


21 I 


38 


17 8 


17 17 


17 32 


17 52 


18 4 


18 18 


18 33 


18 51 


19 9 


19 30 


19 54 


20 19 


20 47 


21 17 


40 


17 19 


17 28 


17 44 


18 4 


18 17 


18 31 


i8 46 


19 4 


19 22 


19 44 


20 8 


20 34 


21 2 


21 33 


42 


17 30 


17 40 


17 56 


18 16 


18 30 


18 44 


18 59 


19 18 


19 36 


19 58 


20 22 


20 49 


21 17 


21 49 


44 


17 41 


17 51 


18 7 


18 28 


18 42 


18 56 


19 12 


19 31 


19 50 


20 12 


20 36 


21 3 


21 32 


22 4 


46 


17 53 


18 3 


18 19 


18 40 


18 55 


19 9 


19 25 


19 44 


20 4 


20 26 


20 51 


21 18 


21 47 


22 20 


48 


18 4 


18 15 


18 31 


18 53 


19 7 


19 22 


19 38 


19 57 


20 17 


20 41 


21 6 


21 33 


22 3 


22 35 


50 


18 16 


18 27 


18 43 


19 5 


19 19 


19 34 


19 51 


20 10 


20 31 


20 55 


21 20 


21 48 


22 18 


22 51 


52 


18 27 


18 38 


18 55 


19 17 


19 31 


19 47 


20 4 


20 23 


20 45 


21 9 


21 34 


22 2 


22 33 


23 7 


54 


18 38 


18 50 


19 7 


19 30 


19 44 


20 


20 17 


20 37 


20 59 


21 23 


21 48 


22 17 


22 48 


23 23 


56 


18 49 


19 I 


19 18 


19 42 


19 56 


20 12 


20 30 


20 50 


21 12 


21 36 


22 3 


22 31 


23 3 


23 38 


...58 


19 


19 12 


19 30 


19 54 


20 9 


20 25 


20 43 


21 3 


21 25 


21 50 


22 17 


22 46 


23 18 


23 54 


III 


19 ID 


19 23 


19 41 


20 6 


20 21 


20 38 


20 56 


21 16 


21 38 


22 3 


22 31 


23 I 


23 34 


24 9 



10— Az. 



142 
Reduction to the Meridian and Azimutli Table near tlie lieridian below the PolOi 

•N- « TRIANOUU AtTBTRALIS. 



«|° 



m. 
8 



16 



m. 
20 



m. 
98 



48 



Rbductions. 





24 


1 
02 


4 
07 


1-6 


« 1 

2-8 


43 


1 
6-2 


-* 
73 


8-5 


30 


02 


07 


1-5 


2-6 


41 


59 


70 


81 


40 


02 


06 


i'4 


24 


3» 


5*5 


6-5 


T5 


50 


01 


06 


1*2 


2*2 


35 


50 


5« 


6-8 


60 


01 


05 


II 


19 


30 


43 


51 


59 



97 

9-3' 
8-6; 
7-8 I 
6-8 



1 

no 


125 


140 


15-6 


172 


190 


IO-6 


II-9 


I3'4 


14-9 


165 


i8-2 


9-8 


no 


12-4 


138 


153 


168 


8-9 


100 


II-2 


125 


I3« 


15-2 


77 


87 


9-8 


10-9 


121 


133 



AzilfUTHS. 



0-4 

04 
04 
04 
05 



07 
07 
08 
08 
09 



i-i 
i-i 

1-2 
14 



1:4 

1*5 
15 
1-6 
19 



j-8 
1-8 
19 
21 
23 






• 


2*2 


23 


2 2 


2*4 


23 


25 


2-5 


27 


2-8 


30 



25 
25 

27 
29 
32 



27 
27 
29 

3*1 
35 



29 
29 
30 
33 

37 



31 
31 
32 

35 
39 



32 
33 
34 
37 
4'2 



34 
35 
3-6 
3*9 
4*4 



3-6 
3-6 
3-8 

41 
4-6 



3-8 
3-8 
40 
43 
49 



208 
20 o 

I&-4 
167 
146 



40 
4-0 
4'2 
45 
51 



Lat. I 



m. 
45 



Dl. 

46 



SI 



m. 
60 



51 



52 



m. 
58 



m. 
59 



i 60 



Reductions. 



28 
32 
36 
40 

44 
48 
52 
54 
56 
58 
60 



21-2 


22- 1 


231 


24- 1 


251 


261 


272 


283 


294 


305 


31-6 


328 


339 


351 


363 


206 


21 5 


224 


234 


244 


254 


264 


275 


28-5 


296 


307 


3i« 


330 


34* I 


353 


199 


20-8 


21-8 


227 


236 


246 


256 


26-6 


276 


287 


29- 8 


309 


320 


33' I 


342 


193 


20-2 


2I*0 


219 


229 


238 


248 


257 


267 


27-8 


288 


298 


309 


320 


331 


186 


194 


203 


212 


221 


230 


239 


248 


258 


268 


278 


288 


298 


309 


31-9 


179 


187 


195 


204 


21-2 


221 


230 


239 


248 


257 


267 


277 


287 


297 


307 


171 


179 


i8b 


19*5 


203 


211 


220 


22-8 


237 


246 


255 


26-5 


274 


284 


294 


167 


17-4 


182 


190 


198 


206 


214 


223 


231 


240 


249 


258 


26-8 


277 


287 


16-3 


170 


177 


185 


193 


201 


209 


217 


225 


234 


243 


251 


261 


270 


279 


15-8 


16-5 


17-2 


180 


187 


195 


203 


211 


219 


227 


236 


24-4 


253 


262 


27- 1 


15*3 


160 


167 


17-4 


18-2 


18-9 


197 


204 


21-2 


221 


229 


237 


246 


254 


263 



Azimuths. 



















































24 


40 


41 


42 


43 


44 


45 


40 


47 


47 


4-8 


49 


50 


51 


52 


53 


30 


41 


42 


43 


44 


44 


45 


4-6 


47 


4-8 


49 


50 


51 


52 


52 


53 


40 


4'3 


4'4 


45 


4-6 


4-6 


47 


4-8 


4'9 


50 


5*1 


52 


53 


54 


55 


5b 


50 


4b 


47 


4-8 


4'9 


50 


51 


52 


53 


54 


"55 


5-6 


57 


5-8 


59 


61 


60 


5'2 


53 


5-4 


55 


57 


5-8 


59 


60 


61 


6-2 


6-4 


6-5 


6-6 


67 


68 



37'6 
365 
354 
34 3 

330 
318 

304 
29*6 

28-9 
281 
272 



54 

5'4 
57 
61 

6-9 



Lat. 



J HOUR. 



m. 




in. 
1 



I I 10 



m. 
U 



m. 
12 



13 



14 



15 



Reductions. 



28 
30 
32 
34 
36 

38 
40 
42 
44 
46 

48 
50 
52 
54 
56 

57 
58 
59 
60 



24 
30 

40 

50 
60 



37-6 


38-8 


40- 1 


414 


427 


44-1 


45-4 


468 


482 


49*6 


5I-I 


525 


540 


55*5 


570 


37-1 


38-3 


395 


408 


421 


435 


44-8 


461 


47*5 


489 


503 


51-8 


53*2 


54*7 


562 


365 


377 


390 


402 


415 


428 


441 


45*5 


468 


482 


49 6 


510 


525 


53*9 


55*4 


360 


372 


38-4 


396 


409 


422 


43'5 


44-8 


461 


47*5 


489 


503 


51*7 


53*1 


54-6 


35*4 


36-6 


37-8 


390 


403 


415 


428 


44*1 


45*4 


467 


481 


49*5 


509 


52*3 


53*7 


34-8 


360 


37*2 


38-4 


396 


409 


42- 1 


43*4 


44*7 


460 


47*3 


487 


50- 1 


51*5 


529 


34*3 


35-4 


36-6 


377 


389 


402 


41-4 


427 


439 


45*2 


465 


479 


492 


50-6 


520 


337 


34-8 


359 


37' I 


383 


395 


407 


419 


43*2 


44*5 


45*7 


47*1 


484 


49*7 


511 


330 


341 


35*3 


364 


37b 


388 


40*0 


41-2 


424 


43-6 


449 


462 


47*5 


488 


502 


324 


335 


34-6 


357 


369 


380 


392 


404 


41-6 


42-8 


441 


45*3 


46-6 


47*9 


49*2 


318 


328 


339 


350 


361 


37-2 


38-4 


39-6 


407 


419 


432 


44*4 


45*7 


469 


482 


3I-I 


32- 1 


332 


343 


353 


36-4 


37-6 


387 


399 


411 


422 


43*5 


44*7 


45*9 


47*2 


304 


31-4 


324 


335 


345 


35-6 


3t>7 


37-8 


390 


40- 1 


413 


425 


43*7 


44*9 


4bi 


296 


306 


31-6 


327 


337 


34-8 


35-8 


369 


380 


39-2 


40-3 


415 


426 


43-8 


45*0 


289 


298 


308 


31-8 


328 


339 


34*9 


360 


37*0 


381 


39' 2 


404 


41*5 


427 


43*8 


285 


294 


30-4 


314 


324 


334 


34*4 


35*5 


365 


37-6 


387 


39*8 


409 


421 


43*2 


28- 1 


290 


300 


309 


31-9 


329 


33*9 


35*o 


360 


371 


381 


392 


40*3 


41*5 


426 


276 


286 


29*5 


305 


31-4 


32*4 


33*4 


34*4 


35*5 


365 


37-6 


387 


39*8 


409 


420 


27-2 


28- 1 


291 


300 


310 


319 


329 


33*9 


34*9 


360 


370 


381 


39*1 


402 


413 



Azimuths. 



5*4 
5*4 
5*7 
61 

6-9 



5*5 
5*5 
5-8 
62 
70 



5*5 
5-6 
5*9 
6-4 
7*2 






e 


0^ 








5*6 


57 


5-8 


5*9 


60 


5*7 


5*8 


5*9 


60 


61 


60 


61 


61 


6-2 


6-3 


6-5 


6-6 


67 


6-8 


6-9 


7*3 


7*4 


7*5 


7-6 


7*7 



61 

6- 1 
6-4 
7'0 
7-8 



6-2 
6-2 
6-5 
71 
80 



^•2 

6-3 
6-6 
7*2 
81 



6-3 
6-4 
67 

7*3 
8-2 



6-4 
6-5 
6-8 
7*4 
8-3 



6-5 
6-6 
6-9 
7*5 
8-4 



6-6 
67 
70 
7-6 
8-5 



58-6 
57*7 
56*9 
560 
55*2 

54*3 
53*4 
525 
51*5 
505 

49*5 
485 
47*4 
46- 2 
450 

44*4 
43*8 
431 
42-5 



67 
6-8 
7*1 
77 
8-6 



HZ 
Reduction to the Meridian/and Azimuth Table near the Meridian below the Pole. 



Lat. I 



12 



16 



m. I 
20 I 



m. 
26 



m. 
28 



xn.- 
30 



m; 
84 



m. 
88 



m. 
40 



42 



Reductions. 



0-2 


1 
07 


1 

1*5 


27 


42 


61 


7-1 


8-3 


95 


IO-8 


12-2 


137 


152 


16-9 


186 


0'2 


06 


I '4 


2-6 


41 


5« 


6-8 


7*9 


91 


IO-4 


117 


131 


146 


162 


17-8 


OI 


06 


1-3 


24 


37 


54 


6-3 


7*3 


8-4 


9-6 


IO-8 


121 


13-5 


150 


16-5 


O'l 


05 


1*2 


a'iz 


34 


4*9 


5-8 


67 


7-6 


87 


98 


II'O 


12-3 


136 


150 


O'l 


05 


1*1 


1-9 


1 3-0 


43 


5-1 


5*9 


6-7 


7-6 


8-6 


9*7 


10-8 


II-9 


13-2 



Azimuths, 



0-4 
04 
0-4 
04 
05 



07 
07 
07 
08 
09 



II 
i-i 
i-i 

1-2 

i'4 



1-4 
i'4 
1*5 
1-6 
1-8 



rS 
1-8 
19 

2-0 
23 



2*1 
2-1 
22 

24 
27 



23 
2*3 
2*4 

2-6 

30 



2-5 

2*5 

2-6 
2-8 

32 



2-6 

27 

2-8 

30 

34 



2-8 

29 
30 
32 
3-6 



30 
30 
3*2 
34 
39 



3*2 
32 
34 
3-6 
41 



33 

3-4 
3*5 
3-8 
43 



3*5 
3-6 

37 
40 
4-6 



S7 
37 
39 
42 
4-8 



20*4 
19-6 
181 
16-4 
144 



39 
39 
41 
4'4 
50 



Lat. 



m. 
46 



m. 
46 



to. 
47 



48 



11 



51 



m. 
58 



m. I m. 
54 I 55 



57 



Reductions. 



24 
28 
32 
36 
40 

44 
48 
52 
56 
60 



24 
30 
40 
50 
60 



2i'-3 


22-3 


233 


24-3 


25*3 


263 


27*4 


284 


295 


307 


31-8 


330 


34*2 


35*4 


366 


207 


217 


22-6 


23-6 


246 


25-6 


266 


277 


287 


298 


310 


32- 1 


33*2 


34*4 


35-6 


20-2 


211 


22'0 


229 


239 


249 


25-9 


26 9 


279 


290 


301 


312 


32-3 


334 


34'^ 


196 


204 


213 


22*2 


232 


24-1 


251 


261 


27-1 


28- 1 


292 


302 


31*3 


324 


33-6 


189 


19-8 


20-6 


21-5 


224 


234 


243 


253 


26-2 


27-2 


282 


293 


303 


51-4 


325 


183 


191 


19-9 


208 


217 


225 


235 


244 


253 


263 


273 


28-3 


293 


303 


31*4 


176 


18-4 


192 


200 


208 


217 


22-6 


234 


24-4 


253 


262 


272 


282 


292 


30-2 


168 


176 


18-3 


19- 1 


I9'9 


208 


21-6 


22-4 


233 


242 


25- 1 


260 


270 


279 


28-9 


160 


167 


17-4 


i8-2 


19.0 


197 


205 


21-3 


22-2 


230 


239 


24-8 


257 


266 


27-5 


I5i 


15-8 


165 


17-2 


17-9 


i8-6 


194 


20'2 


20-9 


217 


225 


234 


242 


25-1 


25*9 



Azimuths. 












e 




















o_ 





e 


• 


« 


40 


4-0 


41 


42 


43 


4*4 


45 


4b 


4b 


47 


4-8 


49 


50 


51 


52 


40 


4*1 


4*2 


43 


44 


4*4 


4'5 


4b 


47 


4-8 


49 


50 


51 


5-1 


5-2 


4*2 


43 


4'4 


4-5 


4b 


4b 


47 


4-8 


49 


50 


51 


5-2 


53 


54 


5*5 


4*5 


4-6 


47 


4-8 


49 


50 


51 


5*2 


53 


54 


55 


5b 


57 


5-8 


59 


51 


52 


5*4 


55 


5-6 


57 


5-8 


59 


60 


61 


6-3 


6-4 


6-5 


6-6 


67 



37-8 
368 
35-8 
347 
33-6 

324 
31-2 

299 
284 
268 



52 

53 
5-6 
60 
6-8 



Lat. 



1 HOUR. 



m. 




8 



m. 

4 



m. 
5 



m. 
8 



I m. 
I 10 



U 



12 



m. 
13 



14 



Reductions. 



26 
28 

30 
32 
34 
36 
38 
40 
42 
44 
46 
48 
50 
52 
54 
56 
57 
58 
59 
60 



37*3 


38-6 


39-8 


1 
411 


424 


43-8 


451 


465 


479 


49*3 


507 


521 


53-6 


55- 1 


56-6 


368 


380 


393 


40-6 


41-8 


43*2 


445 


45-8 


472 


48-b 


50*0 


51*4 


529 


54*4 


55-8 


363 


37-5 


387 


400 


41-3 


42-b 


43*9 


452 


4b-5 


479 


49-3 


507 


522 


53-6 


551 


35-8 


370 


382 


394 


407 


420 


43*2 


44b 


459 


472 


48-b 


500 


51*4 


52-8 


543 


35-2 


364 


37b 


38-8 


401 


413 


42b 


439 


452 


4b-5 


479 


49*3 


507 


52-.I 


535 


.347 


359 


370 


382 


39-5 


407 


420 


43-2 


445 


45-8 


47-2 


48-5 


49'9 


51*3 


527 


342 


353 


365 


37b 


38-8 


401 


41-3 


42b 


43-8 


451 


4b-4 


47-8 


49- 1 


50*5 


518 


33-6 


347 


359 


370 


38-2 


39*4 


406 


419 


431 


444 


457 


47-0 


483 


496 


510 


330 


34' I 


353 


364 


37-b 


387 


39*9 


411 


424 


43-6 


44'9 


46-2 


47'5 


588 


50-1 


32*4 


335 


34-6 


35-8 


3b-9 


38-1 


392 


404 


41b 


428 


44-1 


45*4 


4bb 


47*9 


49-2 


31-8 


329 


340 


351 


362 


37-3 


385 


39-6 


408 


420 


43*3 


44*5 


45-8 


470 


483 


312 


32-2 


333 


344 


35'5 


3b-b 


377 


38-9 


400 


412 


424 


43b 


449 


4bi 


474 


305 


316 


32b 


337 


347 


35-8 


369 


38-1 


39-2 


403 


41-5 


427 


43-^ 


45-1 


4b-4 


29*9 


309 


31-9 


329 


340 


35-0 


3b- 1 


37*2 


383 


39-5 


406 


41-8 


429 


44- 1 


45*4 


292 


30- 1 


3I-I 


321 


332 


34*2 


35*3 


3b-3 


37*4 


385 


39'b 


40-8 


41-9 


43- 1 


443 


284 


294 


303 


31-3 


323 


333 


344 


35*4 


365 


37-5 


386 


397 


409 


42-0 


431 


280 


290 


299 


309 


319 


329 


339 


349 


360 


370 


38-1 


392 


403 


41-4 


42b 


27-6 


28-6 


295 


30-4 


31-4 


32*4 


334 


344 


355 


3b-5 


376 


38b 


39*7 


40-8 


420 


27-2 


28- 1 


29- 1 


30*0 


310 


31-9 


329 


339 


34*9 


360 


370 


381 


391 


40-2 


41-4 


268 


277 


286 


29-5 


305 


31-4 


324 


334 


344 


35*4 


3b'4 


37*5 


385 


39-6 


407 







• 











e 




^ 


as. 







61 














24 


52 


53 


5*4 


5-6 


5-6 


5*7 


5-8 


5-8 


59 


bo 


6-2 


0-3 


t'^ 


6-4 


30 


S-3 


5'4 


55 


5-6 


57 


57 


5-8 


59 


60 


bi 


6-2 


6-3 


6-4 


6*4 


6-5 


40 


5-6 


57 


5-8 


5-8 


5*9 


60 


6-1 


6-2 


6-3 


6-4 


6-5 


6-6 


6-7 


6-8 


6-9 


50 


60 


6-2 


6-2 


6-3 


6-4 


6-5 


6-6 


6-7 


6-8 


6-9 


r*" 


7*1 


72 


7*3 


7*4 


60 


6-8 


6-9 


70 


7-2 


73 


74 


7*5 


7-6 


7-6 


7-8 


80 


81 


8-2 


8-3 


^•4 



581 

57*4 
566 

557 
54*9 

54" I 
53*3 

52-4 

51-5 
506 

49-6 

487 
476 
466 
455 

443 
437 
431 
425 
41-8 



6-5 
6-6 
6-9 

75 



142 



Reduction to the Meridiaii and Azimuth Table ne«* the lieriditn below the PoltV 

-^ a TRtANOniil AXJ8TR/VLIS. 



La..| »• 


m. 


m. 


m. 


m. 1 m. 
20 1 24 


m. 1 m. 


m. 1 m. m. 

80 1 82 34 


m. 


"^^ 


m. 


m. 


-STl 


8 


12 


16 


M 1 » 


86 


88 


40 


42 


u 


Rbductions. I 


e 
24 


f 
02 


4 
07 


1-6 


2-8 


4*3 


1 
62 


■J 

73 


8-5 


♦ t 

97 no 


12-5 


140 


156 


172 


4 
190 


20-8 


30 


02 


07 


1-5 


2-6 


41 


59 


70 


81 


93 106 


no 


13-4 


14-9 


165 


i8-2 


20 O' 


40 


0*2 


06 


I "4 


2-4 


3-8 


5*5 


6-5 


75 


8-6 98 


no 


12-4 


138 


15*3 


i6-8 


t»-4 


50 


01 


06 


1-2 


2*2 


35 


50 


5-8 


6-8 


7-8 8-9 


100 


II-2 


12-5 


13-8 


15*2 


167 


60 


01 


05 


II 


1-9 


30 


4'3 


51 


59 6-8 77 1 


87 


9-8 


10-9 


121 


133 


146 


Azimuths. | 


. 


■0 


■ 








0^ 





• 


* 


«; 


* 


. 


* 


e 





o„ 


• 


24 


b-4 


07 




i'4 


j-8 


2-2 


23 


25 


27 


29 


31 


3-2 


34 


3-6 


3"8 


40 


30 


0-4. 


. 07 




1*5 


1-8 


2-2 


24 


25 


27 


29 


31 


33 


3'5 


3-6 


3*8 


4-0 


40 


0-4 


08 




15 


19 


23 


25 


27 


2'9 


30 


3-2 


34 


3-6 


3-8 


40 


4*2 


50 


04 


08 




1-6 


2-1 


2*5 


27 


29 


3-1 


33 


3-5 


37 


39 


4' 


4*3 


4*5 


60 


05 


09 




1-9 


23 


2-8 


30 


32 


35 


37 


39 


4'2 


4*4 


4-6 


4*9 


5*1 


1 


La..(- - - 


m. ; m. 1 m. 
48 ! 49 1 50 


m. 


m. 


m. 


m. 1 m. 
54 1 55 


ni. 


m. 


m. 


m. m. 1 


51 


52 


53 


66 


57 


58 


59 60 1 


Reductions. | 


28 


21-2 


22* I 


231 


24-1 


251 


261 


1 
27-2 


283 


294 


305 


31-6 


32-8 


33*9 


1 
35*1 


363 


37*6 


32 


20-6 


21-5 


224 


234 


244 


254 


264 


275 


285 


29-6 


307 


31-8 


330 


34*1 


35*3 


365 


36 


I9'9 


20-8 


21-8 


227 


236 


246 


256 


266 


276 


287 


298 


309 


320 


33* I 


342 


354 


40 


19-3 


20-2 


210 


21-9 


229 


238 


248 


257 


267 


27-8 


288 


298 


309 


32-0 


33*1 


34*3 


44 


186 


194 


203 


21*2 


221 


230 


239 


248 


"51 


268 


278 


288 


298 


309 


319 


330 


48 


179 


187 


19-5 


204 


2I"2 


221 


230 


239 


248 


257 


267 


277 


287 


297 


307 


31-8 


52 


171 


17-9 


i8-6 


I9'5 


203 


2I'I 


220 


22-8 


237 


246 


255 


26-5 


27*4 


284 


294 


304 


54 


167 


17-4 


i8-2 


190 


198 


20-6 


214 


223 


231 


240 


249 


25-8 


268 


277 


287 


29 '6 


56 


163 


170 


177 


i8-5 


193 


20- 1 


209 


217 


225 


234 


243 


251 


261 


270 


279 


28-9 


58 


15-8 


16-5 


17-2 


i8o 


187 


195 


203 


211 


21-9 


227 


236 


244 


25*3 


262 


27- 1 


28- 1 


60 


153 


160 


167 


17-4 


i8-2 


18-9 


197 


204 


21-2 


221 


229 


237 


246 


25-4 


263 


272 


Azimuths. ] 


















































24 


40 


41 


4'2 


43 


44 


4*5 


4-6 


47 47 


4-8 


4*9 


50 


51 


52 


53 


5*4 


30 


41 


4'2 


4*3 


4*4 


4'4 


45 


4-6 


47 


4-8 


49 


50 


5*1 


5*2 


52 


5*3 


5*4 


40 


4-3 


4*4 


45 


4-6 


4-6 


47 


4-8 


49 


50 


5*1 


5'2 


53 


5*4 


55 


5*6 


5*7 


50 


4-6 


47 


4-8 


49 


50 


51 


52 


53 


5*4 


55 


5-6 


57 


5-8 


5 9 


61 


61 


60 


5'2 


53 


54 


55 


57 


5-8 


5*9 


60 


61 


6-2 


6-4 


65 


6-6 


67 


6-8 


6-9 


1 


Lat. 


1 HOUR. 1 


m. in. 


m. 


m. 


in. 1 m. 
4 1 6 


1 m. j m. 


m. [ m. 1 m. 
8 1 9 1 10 


m. 


m. 


m. 


1 m. 


m. 




1 


2 


8 


1 « 1 7 


U 


IS 


13 


1 w 


16 


Reductions. 1 



28 


376 


38-8 


40- 1 


41-4 


427 


44-1 


454 


468 


482 


496 


511 


525 


540 


55*5 


57*o 


586 


30 


37' I 


38-3 


395 


408 


421 


435 


44-8 


461 


47-5 


489 


503 


518 


53*2 


54*7 


56-2 


57*7 


32 


365 


377 


390 


402 


41-5 


428 


44- 1 


45-5 


468 


482 


496 


510 


525 


53*9 


55*4 


56-9 


34 


360 


372 


38-4 


396 


409 


422 


43-5 


44-8 


461 


47-5 


489 


503 


51*7 


53*1 


54*6 


560 


36 


35*4 


366 


37^8 


390 


403 


41-5 


42-8 


441 


454 


467 


481 


49*5 


509 


52*3 


53*7 


55-2 


38 


34-8 


360 


37-2 


38-4 


396 


409 


421 


434 


447 


460 


473 


487 


50- 1 


51*5 


529 


54*3 


40 


343 


35-4 


366 


377 


389 


402 


41-4 


427 


439 


452 


465 


479 


492 


50*6 


520 


53*4 


42 


337 


34-8 


35*9 


371 


383 


395 


407 


419 


432 


44*5 


457 


47" I 


484 


49*7 


511 


525 


44 


330 


341 


35*3 


364 


37-6 


388 


400 


41-2 


42-4 


43-6 


449 


462 


47*5 


488 


502 


51*5 


46 


324 


335 


34'6 


357 


369 


380 


392 


404 


416 


428 


441 


453 


466 


47*9 


49*2 


505 


48 


31-8 


328 


339 


350 


361 


37-2 


38-4 


396 


407 


419 


432 


444 


45*7 


469 


482 


49*5 


50 


3I-I 


32- 1 


332 


343 


353 


36-4 


37-6 


387 


399 


411 


422 


435 


44*7 


45*9 


47*2 


485 


52 


304 


31-4 


324 


335 


345 


35-6 


367 


37-8 


390 


401 


413 


425 


43-7 


44*9 


461 


47*4 


54 


296 


306 


31-6 


327 


337 


348 


35-8 


369 


380 


39-2 


40-3 


41-5 


426 


43-8 


450 


46- 2 


56 


289 


298 


30-8 


31-8 


32-8 


339 


34'9 


360 


370 


381 


392 


404 


41*5 


427 


43*8 


450 


57 


28-5 


294 


30-4 


31-4 


324 


334 


344 


355 


365 


37-6 


387 


39-8 


409 


421 


43*2 


44*4 


58 


281 


290 


300 


309 


31-9 


329 


339 


350 


360 


37'i 


381 


39-2 


403 


41*5 


426 


43*8 


59 


276 


286 


295 


30-5 


314 


32-4 


334 


344 


355 


36-5 


37-6 


^l"^ 


39*8 


409 


420 


43*1 


60 


27-2 


281 


291 


300 


310 


31-9 


329 


339 


34*9 


360 


370 


381 


39*1 


402 


41*3 


425 


Azimuths. | 











e 


e 


e 








0. 








6% 

















24 


5*4 


5"5 


5*5 


5-6 


57 


5-8 


59 


60 


61 


6-2 


6-3 


6-4 


6-5 


6-6 


67 


30 


5-4 


5-5 


5-6 


57 


5-8 


59 


60 


6-1 


61 


6-2 


6-3 


6-4 


6-5 


6-6 


6-7 


6-8 


40 


57 


5-8 


5'9 


60 


61 


61 


6-2 


6-3 


6-4 


6-5 


6-6 


67 


6-8 


6-9 


70 


7*1 


50 


61 


62 


6-4 


6-5 


6-6 


67 


6-8 


6-9 


7-0 


7'i 


7*2 


7*3 


74 


75 


7-6 


77 


60 


6-9 


70 


7-2 


7'3 


74^ 75 


7-6 


77 


7-8 


8-0 


81 


8:2 


8-3 


8-4 


8-5 


8-6 



H3 



Reduction to the Meridian and Azimuth Table near tlie Meridian below the Pole. 

■X- ^ ARads. 



Lat. »• 


- m. 


m. 


m. 


m. 1 m. 
ao 1 24 


m. 


m. 


m. 


m. 


m. 


m. 


iri 


na. 


m. 1 m. 1 


8 


U 


18 


28 


28 


30 


32 


84 


38 


38 


40 


42 1 U 1 


Rbductions. J 


e 
24 


02 


1 
07 


t 
15 


27 


42 


61 


1 
71 


8-3 


1 

95 


lo'-8 


1 
12-2 


137 


t 
15-2 


t 
16-9 


186 


20^ 


30 


02 


06 


1*4 


2-6 


41 


5-8 


6-8 


79 


91 


104 


117 


131 


146 


i6-2 


17-8 


igr6 


40 


01 


06 


1*3 


24 


37 


54 


6-3 


7*3 


8-4 


9-6 


IO-8 


121 


13-5 


150 


165 


181 


50 


O'l 


0-5 


1*2 


ai 


34 


49 


5-8 


67 


7-6 


87 


9-8 


II '0 


12-3 


13-6 


I5-0 


16-4 


60 


o*i 


05 


I-l 


1-9 


30 


4*3 


5-1 


5*9 


6-7 


7-6 


8-6 


97 


iO'8 


11-9 


13-2 


14-4 


Azimuths. | 








e 





. 


0^ 


e 

















e 


e 


e 








24 


04 


07 


II 


14 


1-8 


21 


23 


a-5 


2-6 


2-8 


30 


3*2 


33 


35 


37 


39 


30 


04 


07 


I'l 


14 


1-8 


2*1 


23 


2*5 


27 


29 


30 


32 


3-4 


3-6 


37 


39 


40 


04 


07 


1*1 


1*5 


19 


22 


2-4 


2-6 


2-8 


30 


3*2 


34 


35 


37 


39 


41 


50 


04 


08 


1-2 


1-6 


20 


2'4 


2-6 


2-8 


30 


32 


34 


3-6 


3-8 


40 


42 


44 


60 


05 


09 


i'4 


1-8 


23 


27 


30 


32 


3'4 


3-6 


39 


41 


43 


4-6 


4-8 


50 


1 


La..|- 


m. 


m. m. 


m. 1 m. in. 
40 1 50 51 


m. m. 


m. 1 m. 
54 1 55 


m. 


m. 


m. 


m. 


m. 


48 


47 48 


52 S3 


58 


57 


58 


50 


80 


Reductions. 1 

1 1 1 1 1 1 1 1 1 ■ 1 1 1 1 1 J 


e 
24 


2i'-3 


223 


23- 3 


243 


25*3 


263 


27-4 


284 


295 


307 


3i'-8 


330 


34*2 


354 


366 


37-8 


28 


207 


217 


22-6 


236 


246 


256 


266 


277 


287 


298 


310 


32- 1 


33-2 


344 


35-6 


36-8 • 


32 


202 


211 


220 


229 


239 


249 


25-9 


269 


27-9 


290 


30- 1 


312 


323 


334 


34-6 


35-8 


36 


196 


204 


213 


22-2 


232 


241 


25-1 


26- 1 


271 


28- r 


292 


302 


31-3 


324 


33-6 


347 


40 


18-9 


19-8 


206 


21-5 


224 


234 


243 


253 


262 


272 


282 


293 


303 


31-4 


325 


33-6 


44 


18-3 


19- 1 


19-9 


20-8 


217 


225 


235 


244 


253 


26-3 


273 


283 


293 


303 


31*4 


324 


48 


176 


i8-4 


19-2 


200 


208 


217 


22-6 


234 


244 


253 


262 


272 


282 


292 


302 


31-2 


52 


i6-8 


176 


18-3 


19- 1 


19-9 


208 


21-6 


224 


233 


242 


251 


260 


270 


279 


289 


299 


56 


160 


167 


17-4 


i8-2 


19.0 


197 


205 


21-3 


22-2 


230 


239 


24-8 


257 


266 


27-5 


284 


60 


i5fc 


158 


165 


17-2 


17-9 


186 


194 


20-2 


20*9 


217 


225 


23-4 


24- 2 


25- 1 


259 


a6-8 


Azimuths. | 
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o„ 








• 


e 





24 


40 


4-0 


41 


42 


43 


4*4 


45 


4-6 


4-6 


47 


4-8 


49 


50 


51 


52 


52 


30 


40 


4*1 


4*2 


4'3 


4*4 


4*4 


45 


4-6 


47 


4-8 


49 


50 


51 


5*1 


5-2 


5*3 


40 


4*2 


4*3 


4*4 


45 


4-6 


4-6 


47 


4-8 


4*9 


50 


51 


52 


53 


54 


5*5 


56 


50 


4*5 


4-6 


47 


4-8 


49 


50 


51 


5*2 


5*3 


54 


5*5 


5-6 


57 


5-8 


59 


60 


60 


51 


52 


5-4 


5*5 


5-6 


57 


5-8 


59 


60 


61 


6-3 


6-4 


6-5 


6-6 


67 


6-8 


Lat. 






1 HOUR. 


m. 


m. 


'm7~ 


1 m. 


m. 1 m. 
4 1 « 


m. 


1 m. 


m. 


m. 1 m. 
9 1 10 


m. 


m. 


m. 


m. 


m. 







1 


2 i 3 


6 


1 7 


8 


U 


12 


13 


14 


15 


Reductions. 1 



26 


373 


38-6 


39-8 


411 


424 


43-8 


451 


465 


479 


49*3 


507 


521 


53-6 


55-1 


566 


581 


28 


368 


380 


393 


406 


418 


432 


445 


45-8 


472 


486 


50*0 


51-4 


529 


54*4 


55-8 


57-4 


30 


363 


37*5 


387 


400 


41-3 


42-6 


439 


452 


465 


479 


49-3 


507 


522 


53-6 


55- 1 


566 


32 


35-8 


370 


382 


394 


407 


420 


432 


44-6 


459 


472 


48-6 


500 


51-4 


528 


54*3 


557 


34 


35-2 


364 


37-6 


38-8 


40- 1 


41*3 


426 


439 


45-2 


46-5 


479 


49*3 


507 


52-.I 


535 


549 


36 


347 


359 


370 


382 


39-5 


407 


420 


43-2 


445 


45-8 


47-2 


485 


499 


51-3 


527 


54- 1 


38 


34-2 


353 


365 


376 


38-8 


40-1 


41-3 


426 


43-8 


451 


464 


47-8 


49- 1 


50-5 


51-8 


53*3 


40 


33-6 


34*7 


35*9 


370 


382 


39'4 


406 


419 


431 


44'4 


457 


470 


48-3 


496 


510 


524 


42 


330 


34*1 


353 


364 


37-6 


387 


39*9 


411 


424 


43-6 


44'9 


46- 2 


475 


588 


50-1 


51-5 


44 


32-4 


335 


34-6 


35-8 


369 


38-1 


392 


404 


416 


428 


44-1 


45*4 


46-6 


479 


492 


506 


46 


31-8 


329 


340 


351 


362 


37*3 


385 


396 


408 


420 


433 


44*5 


45-8 
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140 


2 570 


147 


3 "7 


^55 


3 270 


160 


3 430 


167 


3 597 


37 


2 311 


13-4 


2 445 


141 


2 586 


147 


3 133 


155 


3 288 


160 


3 44-8 


i6-8 


4 1-6 


38 


2 323 


135 


2 45-8 


14-2 


3 00 


14-8 


3 148 


15-5 


3 30- 3 


161 


3 46-4 


16-9 


4 3*3 


39 


2 333 


135 


2 468 


14-3 


3 ^i 


149 


3 160 


155 


3 315 


i6-2 


3 477 


170 


4 47 


40 


2 340 


137 


2 477 


143 


3 20 


149 


3 16-9 


15-6 


3 32-5 


16-3 


348-8 


i6'9 


4 57 


41 


2 347 


13-6 


2 48-3 


143 


3 2-6 


150 


3 176 


15-6 


3 332 


i6-3 


3 49-5 


i6-8 


4 6-3 


42 


2 351 


137 


2 48-8 


14-3 


3 31 


14-9 


3 180 


157 


3 337 


163 


3 500 


169 


4 69 


43 


2 353 


137 


2 490 


14-3 


3 33 


ISO- 


3 183 


156 


3 33-9 


i6-2 


3 50- 1 


16-9 


4 70 


44 


2 35'3 


137 


2 490 


14-3 


3 3'3 


14-9 


3 182 


15-6 


3 33-8 


162 


3 500 


16-9 


4 69 


. 45 


2 352 


33-6 


2 488 


14-3 


3 31 


14-8 


3 17-9 


156 


3 335 


161 


3 496 


i6-8 


4 6-4 


46 


2 349 


13-5 


2 484 


14-2 


3 2-6 


148 


3 i7'4 


15-5 


3 329 


i6'0 


3 489 


167 


4 5-6 


47 


2 344 


134 


2 47-8 


141 


3 1-9 


147 


3 166 


15-4 


3 320 


160 


3 480 


166 


4 4'6 


48 


2 336 


134 


2 47-0 


140 


3 10 


14-6 


3 156 


153 


3 309 


15-8 


3 467 


i6-5 


4 32 


49 


2 328 


134 


2 460 


140 


3 00 


145 


3 14-5 


151 


3 296 


157 


3 453 


163 


4 1-6 


50 


2 31 7 


131 


2 448 


339 


2 587 


143 


3 13-0 


150 


3 28-0 


15-5 


3 43'5 


i6-2 


3 597 


51 


2 30 4 


131 


2 43*5 


13-6 


2 571 


141 


3 ii'2 


149 


3 26- 1 


I5'4 


3 41-5 


i6o 


3 575 


52 


2 290 


129 


2 41-9 


13-5 


2 554 


140 


3 94 


147 


3 241 


152 


3 39' 3 


157 


3 55 


53 


2 274 


127 


2 40- 1 


133 


2 53*4 


13-9 


3 7-3 


14-5 


3 21-8 


149 


3 367 


15-6 


3 523 


54 


2 256 


125 


2 38- 1 


132 


2 51-3 


137 


3 50 


142 


3 19-2 


14-8 


3 340 


153 


3 49- 3 


55 


2 236 


12-3 


2 35 9 


13-1 


2 490 


13-4 


3 2-4 


140 


3 164 


146 


3 310 


150 


3 460 


56 


2 21-5 


12-2 


2 337 


127 


2 464 


13-3 


2 597 


137 


3 134 


14-3 


3 277 


14-8 


3 425 


57 


2 19*2 


120 


2 31-2 


125 


2 437 


130 


2 567 


135 


3 102 


140 


3 242 


146 


3 388 


58 


2 i6-8 


117 


2 285 


123 


2 40-8 


12-8 


2 536 


132 


3 6-8 


137 


3 205 


14-3 


3 34-8 


59 


2 14-2 


n-5 


2 257 


120 


2 377 


125 


2 502 


130 


3 32 


135 


3 167 


139 


3 306 


60 


2 n-5 


II'2 


2 227 


II-8 


2 345 1 12-2 


2 467 


12-6 


2 593 


13-2 


3 12-5 


136 


3 26- 1 
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r 


- 
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- 


HOUR-ANGLES. 
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la 


m. 
18 
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£■ 
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82 
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Diff| 2' 


Diff. 1 




Arc Reductions. 1 


io 
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i 

2"I 
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3-6 


* 
57 


8'2 


29 


III 


3*4 


14*5 


3*9 


184 


4*3 


227 


4*8 


275 


52 


6i 


09 


20 


35 


5-6 


80 


29 


109 


3*3 


14-2 


3*8 


180 


4*2 


22'2 


4*7 


269 


51 


62 


09 


20 


35 


54 


7-8 


29 


107 


3*2 


13*9 


3*7 


176 


4*1 


217 


4*6 


263 


50 


63 


08 


1-9 


34 


53 


7-6 


2-8 


104 


3*2 


13*6 


3*5 


171 


4*1 


21-2 


45 


. 25*7 


4*9 


64 


08 


19 


33 


52 


74 


27 


lOI 


3*1 


13-2 


3*5 


167 


3*9 


206 


4*4 


250 


4*8 


65 


08 


1-8 


32 


50 


72 


2-6 


9*8 


30 


12-8 


3*5 


i6-3 


3*7 


200 


4*3 


24-3 


4*6 


66 


08 


1-8 


31 


49 


70 


25 


9*5 


3*o 


12-5 


33 


15-8 


3*7 


19*5 


4*1 


236 


4*4 


67 


07 


17 


30 


4-8 


68 


2*4 


9'2 


29 


121 


32 


15*3 


3-6 


18-9 


3*9 


22-8 


4*3 


68 


07 


17 


29 


4-6 


6-6 


2*3 


8-9 


2-8 


117 


3*1 


14-8 


3*4 


i8-2 


3*8 


220 


4*2 


69 


07 


1-6 


2-8 


44 


6-4 


22 


8-6 


27 


II-3 


29 


14-2 


3*3 


17*5 


3*7 


21'2 


40 


70 


06 


1-5 


27 


4*2 


6-2 


21 


8-3 


2'5 


IO-8 


2-8 


13-6 


32 


i6-8 


3*5 


203 


3*9 


71 


06 


1-5 


2'5 


40 


5-8 


21 


79 


24 


IO-3 


27 


130 


3*1 


161 


3*3 


19*4 


37 


72 


06 


f4 


2-4 


39 


5-6 


20 


7-6 


23 


9*9 


25 


12-4 


3*o 


15*4 


3*1 


18-5 


3*5 


73 


06 


1-3 


23 


37 


53 


19 


7*2 


2-2 


9*4 


2*4 


II-8 


29 


14*7 


30 


177 


3*3 


74 


05 


1-3 


2*2 


35 


50 


1-8 


6-8 


21 


8-9 


2-3 


II"2 


27 


13*9 29 


i6-8 


3*1 


75 


05 


1-2 


20 


33 


47 
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6-4 


20 
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29 


T 
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- 
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14° 
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- 1- 


- 
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- 
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44 
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48 


DiflF. 


- iDiff. 
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56 
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m. 
00 


Diff. 1 -• 


Diff. 1 ^• 


Diff. 
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Arc Reductions. | 




60 


27-5 


* 
52 


327 


57 


384 


6-2 


44-6 


6-6 


51-2 


7*o 


582 


7*5 




I 5*7 


8'o 


1 

1 13-7 


8-5 


61 


26-9 


5*1 


320 


5-6 


37-6 


60 


43*6 


6-6 


502 


6-8 


57*0 


7*3 


I 4*3 


7*9 


I 12*2 


8-2 


62 


263 


50 


31-3 


5-5 


368 


5*8 


426 


6-5 


49*1 


6-6 


55*7 


7*2 


I 2-9 


7-6 


I 10-5 


81 


i^ 


257 


49 


306 


53 


359 


5*7 


41-6 


6-3 


47*9 


6-4 


54*3 


7*2 


I 15 


7*2 


I 87 


79 


64 


250 


4-8 


298 


51 


34*9 


5-6 


405 


61 


466 


6-3 


529 


6-9 


59*8 


7*1 


I 69 


77 


65 


243 


4-6 


289 


50 


339 


5*5 


39*4 


5*8 


45*2 


6-2 


51-4 


6-6 


580 


7*0 


I 50 


7*5 


66 


236 


4'4 


280 


49 


329 


5*3 


38-2 


5*6 


43*8 


60 


49*8 


6-4 


562 


6-8 


I 3*o 


7*2 


67 


22-8 


43 


271 


4-8 


31-9 


5*1 


37*0 


5*4 


424 


5-8 


482 


6-2 


54*4 


6-6 


I 10 


6-9 


68 


220 


42 


262 


4-6 


308 


50 


35*8 


51 


40*9 


5*6 


46-5 


60 


52-5 


6-3 


58-8 


67 


69 


21-2 


40 


252 


4'4 


296 


4*8 


34*4 


50 


39*4 


5*4 


44*8 


5*7 


505 


61 


566 


6-5 


70 


203 


39 


24 -2 


42 


28-4 


4*5 


329 


4*9 


37*8 


5*2 


430 


5*5 


48-5 


5*9 


54*4 


6-2 


71 


194 


37 


231 


4*1 


272 


43 


31*5 


4*7 


362 


49 


41-2 


5*3 


465 


5*6 


52- 1 


59 


72 


18-5 


3-6 


221 


39 


260 


4*1 


301 


4*4 


34*5 


4*7 


393 


5-0 


44*3 


5*4 


49*7 


5*6 


73 


177 


3'3 


210 


37 


247 


3*9 


286 


4*2 


328 


4*5 


37*4 


4*8 


422 


50 


47*2 


5*4 


74 


i6-8 


3-1 


199 


3*5 


234 


3*7 


271 


4-0 


3I-I 


4*3 


35*4 


4*5 


39*9 


4*9 


44*8 


5-0 


75 


15-9 


29 


i8-8 


33 


22-1 


3*5 


256 


3*8 


29-4 


4*0 


33*4 


4*3 


37*7 


4*5 


422 


4-8 


¥ 


AZIMUTHS. 
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12° 14° 
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18° 1 20° 
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23° 


24° 
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27° 28° 
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- 




Arc Reductions. | 





, 


t 


/ 


/ 


, 


/ 


/ / 


/ 


/ 


, 4 


1 


/ c 


/ 


1 


75 


131 


i8-8 


25-6 3 


3'4 


422 


520 


I 29 1 


87 


I 147 


I 210 


I 27*6 


I 34*3 


141-4 


[ 48-6 1 


56-1 


76 


12-2 


177 


240 3 


13 


396 


48*8 


59*0 1 


4*4 


I lOI 


I 160 


I 22- 1 


I 28-5 


1 351 


[ 419 3 


489 


77 


II-4 


i6-5 


224 2 


92 


37-0 


45-6 


55*1 1 


01 


I 5*4 


I io*9 


I 166 


I 226 


I 287 


t 35*1 3 


416 


78 


IO-6 


15-3 


20-8 2 


7-1 


343 


423 


5I-I 


55*8 


I 07 


I 5-8 


I II-I 


I 16-5 


I 22*2 


[ 28-1 1 


[34*2 


79 


9-8 


14-1 


19-2 2 


50 


31-6 


389 


470 


51*3 


55*8 


I 05 


I 5*4 


I 10-5 


I 15*7 


[ 211 1 


267 


80 


90 


129 


17-5 2 


.2-8 


28-8 


35*5 


429 


469 


509 


55*2 


59*7 


I 4*3 


I 90 


[ 140 ] 


[ 19- 1 


81 


8-1 


117 


15-8 2 


06 


260 


32- 1 


387 


423 


460 


44*9 


53*9 


580 


I 24 


I 6-8 ] 


[ II-4 


82 


7-2 


104 


14*1 ] 


8-4 


232 


286 


34*6 


37*7 


410 


44*5 


480 


51-8 


55*6 


59*5 3 


I 3-6 


83 


6-3 


92 


I2'4 ] 


6-1 


204 


25-1 


303 


33-1 


360 


39'o 


42-1 


45'4 


48-8 


522 


55*8 


84 


5*4 


7-8 


I0"6 ] 


39 


17*5 


21-6 


26*0 


28-4 


309 


33*5 


362 


390 


41-9 


44*9 


480 


85 


4*5 


6-5 


8'9 1 


1-6 


14-6 


180 


217 


237 


258 


280 


302 


326 


35*o 


37*5 


400 


86 


3-6 


52 


7'i 


93 


117 


14*4 


17*4 


190 


207 


224 


24-2 


26-1 


280 


300 


32- 1 


87 


27 


39 


5*3 


7-0 


8-8 


108 


131 


14*3 


15*5 


i6-8 


i8-2 


19-6 


210 


225 


24- 1 


88 


1-8 


2-6 


3-6 


4-6 


59 


7*2 


87 


9*5 


104 


II-2 


121 


131 


140 


150 


161 


89 


09 


1*3 


1-8 


2-3 1 29 


3*6 


4*4 


4*8 


5*2 


5*6 


61 


6-5 


7*0 


7*5 


80 
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I 28° 
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-I 



HOUR- ANGLES. 



1 HOUR. 



I III. 
I 12 



Differ- 
ence. 
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Differ- 
•ence. 



I ao 



Differ- 
ence. 



84 
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ence. 
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Differ- 
ence. 
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Differ- 
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60 
61 
62 

63 
64 

65 
66 
67 
68 
69 
70 

71 
72 

73 
74 
75 



Arc RitDtTCTioNS. 



I 137 


1 

8-5 


* 

1 22*2 


8-9 


/ 

1 311 


9-5 


' 

1 406 


97 


/ 

1 50- 3 


IO-3 


2 06 


10*9 


I 12-2 


8-2 


I 204 


8-8 


I 292 


92 


I 38-4 


9*5 


I 479 


lOI 


I 58-0 


10-6 


I 105 


81 


I 186 


8-5 


I 27- 1 


90 


I 36*1 


93 


I 454 


9-8 


I 55-2 


104 


I 8-7 


79 


I i6-6 


8-3 


I 249 


87 


I 336 


91 


I 427 


9-6 


I 523 


100 


I 69 


77 


I 14-6 


81 


I 227 


8-4 


I 311 


8-9 


I 400 


93 


I 49- 3 


97 


I 50 


7'5 


I I2'5 


7-8 


I 203 


8-2 


I 28-5 


87 


I 37'2 


8-9 


I 46- 1 


95 


I 30 


72 


I 102 


7-6 


I 178 


80 


I 258 


8-4 


I 34'2 


87 


I 429 


91 


I 10 


6-9 


I 79 


7-3 


I I5'2 


7-8 


I 230 


80 


I 310 


8-5 


I 395 


8-8 


58-8 


67 


I 55 


7-1 


I 12-6 


7'4 


I 200 


7-8 


I 278 


8-2 


I 360 


8-5 


566 


6-5 


I 31 


6-8 


I 9-9 


71 


I 170 


7-5 


I 245 


7-8 


I 323 


8-2 


544 


6-2 


I 06 


6-5 


I 71 


6-9 


I 140 


7-1 


I 211 


7-5 


I 28-6 


79 


521 


59 


580 


6-2 


I 42 


6-6 


I IO-8 


6-8 


I 17-6 


7-2 


I 248 


7-5 


497 


5-6 


55*3 


60 


I 1-3 


6-2 


I 7'5 


6-6 


I 141 


6-8 


I 209 


7-2 


472 


54 


526 


57 


58-3 


59 


I 42 


6-2 


I 10-4 


6-5 


I 16-9 


6-8 


44-8 


50 


49-8 


5-4 


55-2 


5-6 


I 08 


59 


I 67 


61 


I 12-8 


6-5 


422 


4-8 


47-0 


50 


520 


5*3 


57'3 


5-6 


I 29 


5-8 


I 87 


60 



11*5 
8-6 
5-6 

2*3 

590 

55-6 

520 

483 

44'5 

405 

365 

323 

281 

I 237 

I 19-3 
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/ 
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/ 
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1 


, 





/ 


, 


/ 


/ 





4 


/ 


2 II-5 


II-2 


2 


227 


II-8 


2 


34-5 


12-2 


2 


467 


12-6 


2 593 


13-2 


3 


12-5 


I3<5 


2 8-6 


no 


2 


19-6 


II-4 


2 


310 


II-9 


2 


429 


12-4 


2 553 


12-8 


3 


8-1 


13-4 


2 5-6 


107 


2 


16-3 


III 


2 


27-4 


11-6 


2 


390 


12-1 


2 511 


12-5 


3 


3-6 


12-9 


2 2-3 


IO-5 


2 


12-8 


108 


2 


236 


II-3 


2 


349 


ir8 


2 467 


121 


2 


58-8 


12-6 


I 590 


IO-2 


2 


92 


105 


2 


197 


no 


2 


307 


11-4 


2 421 


n-8 


2 


539 


12-2 


I 55'6 


9-8 


2 


5-4 


103 


2 


157 


10 6 


2 


26-3 


no 


2 373 


II-4 


2 


487 


11-9 


I 520 


95 


2 


15 


99 


2 


II-4 


103 


2 


217 


107 


2 324 


no 


2 


434 


II-5 


I 483 


9-2 




57-5 


9'5 


2 


70 


100 


2 


170 


103 


2 273 


107 


2 


380 


no 


I 44-5 


8-8 




533 


92 


2 


2-5 


9-6 


2 


121 


99 


2 220 


10-3 


2 


323 


IO-6 


I 405 


8-5 




490 


8-9 




5r9 


92 


2 


7'i 


95 


2 166 


99 


2 


26-5 
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I 36- 5 


8-1 




446 


8-5 




531 


8-8 


2 


1-9 


92 


2 III 


94 


2 
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9-8 


I 323 


7-8 




40- 1 


8-1 




482 
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567 


87 


2 5-4 


90 


2 


14-4 


93 


I 281 
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355 


77 




432 


80 




512 


8-4 


I 596 


8-5 


2 


81 


8-9 


I 237 


71 




308 


7*3 




381 


7-6 




457 


7'9 


I 536 


8-2 


2 


1-8 


8-4 


I 193 


6-6 




259 


70 




329 


7-2 




401 


7-4 


I 475 


7-8 


I 


553 


79 


I 147 


6-3 




210 


6-6 




27-6 


5-7 




343 


71 


I 414 


7-2 


I 


48-6 


7'5 



26-1 

215 

165 
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54*9 
490 
429 
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303 
237 
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2 32 
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75 
76 

77 
78 
79 
80 
81 
82 
83 
84 
85 
86 

87 
88 



39 
56-2 

48-4 
404 

32"4 
243 
161 

79 
59'5 
511 

427 

342 

257 

17-1 

8-6 



119 

37 

553 

469 

38-4 
297 
210 

I2-2jI 

3-31 

54'4 
45*4 
36-4 
27'3 
182 
91 



20- 1 

II-4 

25 

53'5 

44'5 

35-3 

260 

167 

7'2 

57-8 

482 

386 

290 

19-3 

97 



J- 



28-5 

19-3 

99 

0-4 

507 
410 
312 
21-3 
II-3 

1*2 

5I-I 
409 

307 
205 
103 



37*2 
27-4 
17-5 
7'4 
57'2 
46-9 

365 
260 

i5'4 
4-8 
54"o 
43-3 
325 
217 
IO-8 



2 
2 

2 25-2|2 
2 



46i!2 
35-8'2 



i4-6'2 

3-8;2 

52-91 

4i-9;i 
30-8:1 

19-61 
8-41 

57-iii 
457 
34-31 
22-9. 

u'5i 



55'3 
44*3 
33*2 
21-9 
IO-6 
59- 1 
47-4 
35-8 
24-0 

I2T 
0-2 
48-2 
36-2 
242 
12' I 



4-63 
5313 
41-32 

29-5'2 
i7-5'2 

5-4;2 
53-1,1 
408 I 
28-4'i 
i5'9.i 

3-4:1 
508 
381 

25-4 
127 



/ |0 

1423 

2'o|3 

49-72 

37-22 

2462 
11-82 

59-o|2 
46*0 I 

33-0,1 
19-81 

6-6:i 

534 
40- 1 
267 
13-4 



240 
11-2 
58-2 
45*1 
31-8 
18-4 

4 

51-3 
37-6 
238 

99 
560 
42-1 
28- 1 
140 



34' I 
206 
7-0 
532 
39' 3 
25-2 

II'O 

567 

42-3 

27-9 

13-3 

587 

44 

29-4 

14-7 



44'33 
30-2|3 

i5-9'3 
1-43 
46-82 
321 
17-2 

23 
47-2'i 
32o;i 
i6-8:i 

1-51 
46*2 
30"8 
15-4 



5484 
39-93 
250 

9-8 
54*5 
39-1 
236 

7-9 
521 

36-3 
203 

4-31 
483 
322 
16-1 



54 
49-9 
343 
18-4 

24 
463 
300 
136 
57-2 
406 

239 
7 

505 
33-7 
i6-8 



16-3 
o*i 

437 
27-1 
10-4 
53-6 
366 
19*5 
2*3 
45-0 
276 
lo-i 
527 
35- 1 
17-6 
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SUMNER'S METHOD. 

The NMiter lately had the honour of receiving a small book with the above title* froin the 
author, Captain H. E. Purey-Cust, R.N., a well-known surveying-officer. As this book so ably 
deals with what the writer has been trying to impress on navigators in these pages (the primary 
object of these tables being to facilitate and make popular the " Sumner " problem, with the latest 
up-to-date improvement in the method) , he feels that he cannot do better than extensively to quote 
from Captain Gust's work. To begin with, he defines " Sumner's Method " " as the method of find- 
ing the position of a ship at sea by the intersection of two or more ' position-lines ' or ' Sumner 
lines ' as they are frequently called." 

" ' A position-line' may be defined 'as a line which can be readily drawn on a chart, some- 
where on which the position of the ship must be.' It is only necessary to turn up 'Sumner's 
method ' in many of the numerous works on na\ igation that have put in an appearance since 
Captain Sumner, of Boston, U.S., first published his method in 1845, to see that even as late as 
the present time a considerable amount of fog on the subject exists. Various ideas seem to be 
held about it, and various definitions of it can be quoted other than the one I have adopted. 
It has even been stated by a high authority on navigation that • Every one knows all about Sumner.' 
Not so : every one ought, no doubt, to know all about it, but they don't. Another has remarked 
with regard to its use, 'Oh, yes! Sumner is a capital method in cloudy weather : I often use it 
myself when I can't get anything better.' A very common opinion, I am afraid, and one that was 
certainly inculcated in many of us when we first went to sea in the Royal Navy ; but, luckily, times 
have changed, and the importance of Sumner is now more thoroughly recognised and taught in the 
navigation schools. Still it is very doubtful if it is sufficiently realised how the all-important 
principle of Sumner is really at the bottom of every so-called method for finding the position of a 
ship at sea. 

" Lord Kelvin is credited with having made the remark in one of his lectures at Glasgow, with 
reference to Sumner's method, ' that it would be the greatest blessing to navigators, both young 
and old, if every other method of ordinary navigation could be swept away.' This is one of the 
truest remarks ever made wrth respect to that part of navigation that relates to the determination of 
the place of a ship at sea. Such of the ordinary problems that are necessary should merely be 
regarded as means for finding the position-lines for a Sumner. 

' ' Sumner's method should be regarded as the first and principal problem in this branch of 
navigation, and as such should come first in works on navigation instead of more usually last, and 
the principle of it should be taught first. All the ordinary methods for ascertaining either latitude 
or longitude alone are only subsidiary to and necessary steps towards Sumner's method. 

**»•«****♦ 

" We see therefore that the Z.D. gives us for each heavenly body observed simply a position-line 
— nothing more and nothing less ; each position-line being of precisely the same value, provided that 
the Z.D. has been measured with the same accuracy, and being quite independent of the position of 
the heavenly body at the time of the observation with respect to either meridian or prime vertical, 
excepting that of course the nearer to the meridian the slower the altitude changes, and therefore 
the more accurately it can be observed, and vice versa, but as the maximum rate possible that a 
heavenly body can ever change its altitude is only one minute of arc in four seconds it is not too 
much to expect that any ordinary observer will even then get his altitude within at least that 
amount. It is the undiscovered and unallowed-for errors, due to uncorrected errors of instrument, 
indifferent horizon, the uncertainty of refraction, &c., rather than the errors of observation, that 
principally aifect the accuracy of the altitude. An error of one minute of altitude merely moves the 
position-line parallel to itself one mile on the earth's surface to or from the geographical position of 
the heavenly body according as the altitude is too great or too small. 

* * * * •« • * * ♦ 

"The main fact that all heavenly bodies whenever visible, no matter in what part of the 
heavens (provided the altitude is not less than 10° when refraction is large and uncertain), are of 
equal value for observation and that each one will afford precisely the same result— viz., a position- 
line, neither more nor less— cannot be too much borne in mind or impressed on any one. 

" This is particularly so, as the general impression to be got from many works on navigation is 
that no heavenly body is of any good for observation unless very near the meridian or else not very 
far from the prime vertical, though on the other hand it is stated in one recently published work 
that ' when selecting stars for Sumner, azimuths of under 10° are absolutely prohibitory, and if of 
more than 80° must be used with great caution.' ! ! 

* " Sumner's Method," by Captain H. E. Purey-Cust, R.N. : Griffin & Co., 2 The Hard, Portsmouth. [A study of this 
little work, and the practice of what Captain Cust so ably impresses on navigators, would be of immense value to the pro- 
fession.] 
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' • The reason for such contrary and absolutely false limitations being placed on Sumner's 
method is that instead of considering Sumner's method as a method for fixing the ship by the • 
intersection of position-lines it is so oitetf described as if simply a particular method for finding a 
position-line by 'long, by chron.' only, which naturally will not be of much use if the heavenly 
ix)dy is near the meridian ; but there is no occasion to limit even a ' long, by chron.' to not very far 
from the prime vertical, as will be shown later on. 

"It is the intersection of the different position-lines, or 'Sumner's method,' that fixes the 
pKJsition of the ship, and, according to the angles at which they intersect, so will the position found 
be a good or bad one just the same as in a position obtained by cross-bearings of shore objects or 
lights. 

"The terms 'observation for lat.,' 'observation for long.,' 'latitude stars,' ' longitude stars,' 
Ac, &c., though useful for convenience' sake, are very apt to give the false impression that by them 
is actually obtained the lat. or long, of the ship. With the solitary exception of ' lat. by mer. alt.' 
this is not the case: what it is that is obtained is the lat. or long, corresponding to an assumed 
long, or lat. of some point on the position-line and which point may be some considerable distance 
away from the real position of the ship. The actual lat. and long, of the ship are only obtained by 
Sumner's method — that is, by the intersection of the various position-lines. 

" Lat. and long, by themselves are after all only position-lines, one east and west, the other 
north and south, and every time we plot a position on the chart by lat. and long, we are simply 
plotting a Sumner. It is therefore really quite incorrect, for example, after working out a ' long, 
by chron.' to say ' the long, by it is so-and-so,' or, in other words, that a position-line has been 
obtained, the direction of which is north and south, since the direction of the position-line must be 
at right-angles to the azimuth as usual, and probably anything but north and south. 

•* Since the direction of each position-line is at right angles to the azimuth, it follows that 
the several position-lines cut at angles equal to the differences of the azimuths, and as the accuracy 
of the position found must depend on whether they make good cuts or not, so, therefore, it is necessary 
that the azimuths of the heavenly bodies selected for observation also make good cuts. Therefore, 
heavenly bodies must be selected for observation just the same as shore objects are selected for 
cross-bearings, and this is easily done at the time of observation by a glance at the compass. 

"Morning and evening twilight stars are, without doubt, the best possible for observation : 
the horizon then is generally clearest, observation easy, and several stars can be observed in a few 
minutes. In the evening especially is this the case : the planets will be visible usually some time 
before it is too dark to read off the sextant without artificial light, and the brighter stars will begin 
to appear shortly after. Never mind trying to identify the stars at the time : take a rough bearing 
by compass of each star at the time of observation, enter it in the sight-book, and then, when it 
is dark enough to make out the several constellations, identify them at leisure. If in posession of a 
' star-finder ' of any kind, this identification can be done without any trouble down below when 
working the sights out, or, if the observer prefers, the ' star-finder ' (set for rough time of twilight) 
can be consulted in comfort beforehand, and suitable night stars noted down with their approximate 
bearings and altitudes so as to know where to begin looking for them. 

********** 

"Remember that the use of tables giving the 'reduction to the mer.' does not convert an 
€x-mer. into a mer. alt. — i.e. in the case of the sun it does not find the latitude at noon but at 
time of observation, and the position-line is not east and west but at right angles to the azimuth as 
usual." 

Captain Cust also mentions the chart difficulty, and suggests the plane chart and use of the 
traverse table ; but this dodge will be unnecessary for those who have made themselves acquainted 
with Table C^ on page 48 of this work. 

His reference to the position of the ship being in the centre of the " cocked hat " made by the 
position-lines of three stars I do not quite agree with. Take for instance the example which he has 
^iven and plotted in his book. Let us suppose that owing to some unknown cause such as terrestial 
refraction, arc error of instrument, or personal equation the observed altitudes were all 3' less than 
the true altitude. The centre of the cocked hat would then show a position o'-2 S. and 4' -2 E. of 
the position as shown by the position recorded and plotted on the chartlet, and which we will 
presume was true. 

Three observations do not always make a '* cocked hat " : take, for instance, the examples given 
on pages 85 and 86 of this book. But by a proper choice of stars, as shown in this example, errors 
resulting from personal equation, or instrument, &c. may be practically eliminated. 

I am glad to say that Captain Cust strongly advocates the formula for ex-meridians in connection 
with the azimuth by the rule of sines with alt., H.A., and dec, giving arcs (i) and (2) of Ex- 
meridian Table No. 3 of this work (see pages 144-149). It is strange that this formula is so little 
known and used. It would certainly be hard to beat it. My special object in publishing Mr. West- 
land's Ex-meridian Table No. 3 was to draw attention to this formula, which may sometimes be used 
in preference to the tables when the interpolation is tedious. 
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•SUMNER" POSITION FROM A.M. AND P.M. SUN OBSERVATIONS NEAR THE 

MERIDIAN. • 



1898.— On August 31st, in lat. by D.R. 7° 42' N., long. 73° 50' E. Obsd. alt. of 0's L.L. (a.m. 
at ship) was 88** 50' N. when a chronometer indicated M.T.G. 30 d. 19 h. 2 m. 53 s., and again (p.m.) 
the obsd. alt. of 0's L.L. was 88° 44' when chronometer indicated M.T.G. 3od. igh. 7m. 57s. 
Run in interval, N. 80° W.. i m., gives o'-2 N., I'o "BT Height of eye, 35ft. Required, posn> 
of ship by " Sumner's " method from ex-meridian tables. 



A.M. Observation. 



M.T. Green. 
Long. 73° 50' 


E 


D. H. M. S. 

30 19 2 53 
4 55 20 


M.T. at ship 
Eq. time 


23 58 13 
- 13 


A.T. Sp. 




23 58 


H.A. 




2 



Obsd. alt. O's L.L. 
Cor. 35ft. (p. 60) 

True alt. -9- 



88 50 N E 
+ 10 

8q o 



Decl. 31st 8 33 o N 
54'-4 X 5h. + 4 3« 

Decl. 8 37 32 N 

M. s. 
Eq. of time o 9*36 
78 s. X 5h. 3'9 

Cor. Eq. T. o 13*26 



For Azimuth. 

H.A. 2 m. Sin. 7'94o8 

Decl. 8°37i' Cos 9'995i 
Alt. 89"^ Sec. 1758X 

Az. 29^ '^7i' Sin. 9'6^40 

gives (p. 30) A & B I '78 gives (p. 48) 
position-line for plane chart N 6o°7 W. 



For Reduction. 

Ai* u o XT L Arc. cor. — 7° 

Arc (2) o 52-2 S 

. (I), decl 8 37-5 N 

Lat 7 45-3 N 

Run -2 N 

Lat. at 2nd obsn 7 45-5 N 









P.M. Obse 


rvation. 


M.T. Green. 
Long. 7i° 49' E 

M.T. at Sp. 
Eq.T. 


D. 

30 
31 


H. M S. 

19 7 57 
4 55 16 

3 12 
- 13 




Obsd. alt. O's L.L. 8°8 44 N W 
35 ft. cor. + 10 

T. alt.-e- 885* 


A.T. Sp. 


31 


030 




H.A. 




3 




For Azimuth. 






For Reduction. 


H.A. 3m. 
Dl. 8«37i' 
Alt. 88° 54' 


Sin. 
Cos. 
Sec. 


8-1169 
9*9951 
I7ie8 




Au. y»°'j4'N 1 f^"^--; 

ZD i°6' ] ^" • 



Az. 



42" 24' 



Sin. 9*8288 



gives (p. 30) A & B i"ii gives (p. 48) 
position-line for plane chart N 48° E. 



Arc (a) . 
. (i)decl. 

Lat. 



60 

o 487 S 
8 37-5 N 

7 48-8 N 



Position from chart : Latitude 7° 46I' N., longitude, 73° 46' 35" E. 



Note. — The long, by chron. at 2nd observation, calculated with this lat. found from the two 
observations, was 7^"^^' 30" E., and the lat. reworked from the H.A. resulting from this long, was- 

f 47' N. 
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TO FIND APPROXIMATE ALTITUDES AND BEARINGS OF SUITABLE STARS FOR 
OBSERVATION TO QUICKLY OBTAIN POSITION OF SHIP. 



1898.— On April 1st, in lat. by D.R. 59*= 10' N., long. 14° 43' W., scon after sunset (about 
6h. 50m. p.m.): find the approximate altitudes and bearings of two suitable below-Pole ex- 
meridian stars for readily finding the ship's position by observation. 

H. M. H. M. 

On p. 112 it will be seen that a Cygni (Deneb) passes the meridian at 7 57 p.m. and Vega at 5 53 p.m. 

A.T. Sp. 6 45 p.m. . . 6 55 p.m. 

H.A. i^W. H.A. I 2E. 

Reduction and Azimuth Table (p. 122) gives redn. 63'-3 and Az. N 13° W. Redn. 5o"8 and Az. N i2°'2 F. 

Remember, x's H.A. is west before passing the meridian at inferior transit, and east after the 
meridian passage. 

* Cygni. Decl. 44 547 N ^ Vega. Decl. 38 41 N 

P.D. 45 5-3 P.D. 5x 19 

Lat. 59 lo'o Lat. 59 10 

Mer. alt. of * 14 47 Mer. alt. 7 51 

40 ft. cor. (p. 60) + 9'9 40 ft. cor. + 127 

Redn. +1 33 Redn. + 50-8 

Approx. alt. 15 i7'9 Az. N 13^ W. Approx. alt. 8 54-5 Az. N 12^*2 E. 

Position from Two Below-Pole Ex-meridian Stars. 

1898.— On April ist, about 6 hi 45m. p.m. and 6h. 55 m. pm., in lat. D.R. 59° 10' N., long. 
15° 5' W. the observed altitude of * a Cygni was 14° 55' N. when a chronometer indicated M.T.G. 
7h. 49m. 6s., and observed altitude of * Vega was 8° 49' N. when a chronometer indicated 
M.T.G. yh. 59 m. 6s. Run in interval between observations N. 85° E., 3 m. Required, the true 
bearing of the stars and position of ship at time of 2nd observation. Course, N. 85° E., 3m., 
gives o'-3 N., 3'o E. = d. long. 5'-82. 

1st Observation (* a Cygni, W. of Mer.). 

v. M. S. H. M. S. at 

M.T. Green. 7 49 6 Sid. T. (G. noon) o 39 28 

Long. 15° 5' W I 020 Accl. 7h. 49 m. + i 17 



M.T. Sp. 6 48 46 24 40 45 

M.T. -^f'smer. pass. 7 57 12 *'s R.A. + i2h. 32 37 57 

*'s H.A. W I 8 26 M.T. 9f 's mer. pass. 7 57 12 below Pole. 



gives from Reduction and Azimuth Table (p. 122) 

•• 39) gives A & B 8"9, whic 
(p. 48) posn.-line for plane chart N 83^° E. 



Reduction 57"2, and Azimuth N i2°'4 W (p. 39) gives A & B 8' -9, which gives Table C2 

chai 



Posn.-line for Mercator chart N 77°-6 E. 



2nd Observation (^ Vega, E. of Mer.). 

M.T. Green 7 59 6 Sid. T. (G. noon) o 39 28 

Long. 14° 59' '2 W 59 57 Accl. 7h. 59ni. +119 

M.T. at ship 6 59 9 M. O's R.A. 24 40 47 

M.T. *'s mer. pass. 5 52 43 *'s R.A. + 12 h. 30 33 30 

^'s H.A. east i 6 26 M.T. •Jf 's mer. pass. 5 52 43 below Pole. 



Obsd. alt. of * 
40 ft. (p. 60) cor. 

T. alt. 
Redn. 


14 55*0 N 

- 9-6 

14 45-4 

- 57*2 


Mer. alt. 
*sP.D. 

Lat. 
Run 


obsn. 


+ 13 48-2 
45 5-3 

58 53-5 N 
0-3 N 


Lat. at 2nd 


58 53-8 N 


Obsd. alt. 
40 ft. cor. 


of* 


849N 
— 12 


True alt. 
Redn. 




- 58-2 


Mer. alt. 
*'sP.D, 




+ 7 38-8 
51 180 


Lat. 


58 56-8 N 



gives reduction from table (p. 120) 58''2. and azimuth N 13° E (p. 39) gives A & B 
8"4, which gives (p. 48) position-line for plane chart N 83°*2 W. 

' Position-line for Mercator's chart, N 77° W. 
Position by chart, using either Mercator's or a plane chart : Lat. 58° 55"4 N, long. 14° 46"3 W. 

The lat. reworked from the hour-angle resulting from the longitude of these observations was 
found to be 58° 55' 2 N. 

Note.— Although the angle of intersection of the position-lines is small (only 25 J°) the lopg. 
would probably be fairly correct, as the resulting long, depends more on a correct difference of the two 
altitudes than on the absolute correctness of the observations. On the other hand, any error resulting 
from refraction, instrument, or personal equation will throw the lat. out the whole of that amount. 
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POSITION FROM TWO STARS WORKED AS EX-MERIDIANS. EACH NEARLY 
THREE HOURS FROM THE MERIDIAN OF THE INFERIOR TRANSIT. 



1898. — On October 29th, at about yh. 5m. p.m., at ship in lat. by D.R. 44® 20' S., and long. 
144° 38' E. Obsd. alt. of * Canopus east of meridian 14° 15' S. when a chron. indicated M.T. 
Green. 9h. 9 m. 29 s., and, after running on an east course for i mile, obsd. alt. of 9f a Crucis west 
of mer. 22° 30' S. when chron. indicated 9h. 14 m. 19 s. Height of eye, 40 ft. Required, true 
bearing of stars and position of ship at 2nd observation . 



tst Observation (^ Canopus to S.Ed.) 

D. H. M. s. o / "• **• ^• 

M.T. Green. a8 21 9 29 Obsd. alt. of ^f 14 15 S Sid. T. (G. noon) 28th 14 27 246 

Long. 144° 38' E +9 38 32 40 ft. cor. (p. 6d) - 9'8 Accl. 21 h. 9J m. + 3 28 5 

M.T. Sp. 29 6 48 01 True alt. 14 5-2 S M. G's R.A. 14 30 53'i 

Mer. pass, tn/crior transit 35051 ^i^^^i *'s R.A. (+ 12 hrs.) i« 21 43*9 



^'s H.A. east. 2 57 io(p. 133) *'s Az. S 25° 51' E (p. 35) Rives A Mer. pass, inferior transit 3 50 508 

i= and B 2' -90 and (p. 48) T. Ca gives "'" 

position-line S 71° W. 



Run east i m. = d. long. i"4. Long. 144 38 o E 

I 2|E 

Long, at and obsn. 144 39 24 E 



H.A. 
Dl. 


For Arc (i). 

H. M. S. 

2 57 10 Cos. 

52° 38'-i S Cot. 

28 39-6 S Tan. 
15 33-2 S 

44 14-8 S and position 


9-85479 
9-8P286 


Arc (I) P.M. 
, (2) M.S. 

Lat. 


973765 
-line S 71' 



Latitude by Ex-meridian. 



' For Arc (2). 

Az. S 25 54 Cos. 9'95403 

Alt. 14 5*2 Cot. 0-6004^ 

M.S. arc (2) 15 35'2 Cot. 0-55447 



2nd Observation {^ a Crucis to S.W.) 

D. H. M. s. c / "• •*• 8- 

M.T. Green. 28 21 14 19 Obsd. alt. of ^ 22 30*0 S * a Crucis R.A. (+ 12 h.) 24 20 56-5 

Long. i44°39"4 E + 9 38 377 40 ft. cor. - 8-4 M O's R.A. 14 30 54 



M.T. Sp. 29 652567 True Alt. 22 21-6 S ^'smer. pass, (in/criof transit) 9 50 2*5 

M.T. mer. pass. 9 50 2*5 iii^==i "" 

^f 's H.A. wpst 2 57 6 gives from Azimuth Table 



1 Azimuth Table (p. 141) S 20° 2a' E, ^ives from Table C (p. 35) A & B 3'-8o, 
which gives from Table C^ (p. 48) position-line for plane chart S 75°'3 E. 





For Arc 


(a) 






Az. 
Alt. 


S 20 22 E 
22 21-6 E 




Cos. 
Cot. 


9-97196 
0-38579 


Arc (2) 


23 41-5 s 




Cot. 


0-35775 



Latitude by Ex-meridian. 
For Arc (i). 

H. M S. 

H.A. 2 57 6 Cos. 9*85491 

Decl. 62° 32'-2 S Cot. 971580 

Arc (i) 20 24-7 S Tan. 9'57o 7i 

» (2) 23 41-5 S ^^— — ^ 

Lat. 44 6-2 S and position-line S 75^'3 E for plane chart. 

Position from chart : Latitude 44° 10' S, longitude 144° 53' 30" E. 
As a check on the work long, by chron. was worked with lat. 44° 10' S. and gave the same long.— vw., 144° 53' 30^' E. 
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•'SUMNER'S" POSITION ON THE PLANE CHART FROM TWO EX-MERIDIAN 
SUN OBSERVATIONS, USING EX-MERIDIAN TABLE No. i. 



1898. — On 17th April, a.m. at ship at sea, when a chronometer indicated M.T. Green. 
i6d. 23h. 31m. 30s., the true altitude of sun's centre was 67° 17' ^7" N. ; and again on the same 
afternoon when a chronometer indicated M.T. Green. 17 d. oh. 50m. 52s., the true altitude of sun's 
centre was 67° 4' 56" N., the ship having made 16 miles on a true S. 35° E. course during the interval 
between the observations. Required, the position of ship when 2nd observation was taken, assuming 
D.R. lat. to be 9° 45' S., and long. 2° 45' W., when ist observation was taken. 

fst Observation (a.m. at ship) 

10 34 58 N T. alt. -9- 67 17-8 N 

25 S Redn, 2 10-3 



M.T. G. 
Long. W 


D. H. M. S. 

16 23 31 30 
- II 




Decl. 

52"-6 X -48 h 


M.T. Sp. 
Eq.T. 


16 23 20 30 

+ 30 


Cor. dl. 


A.T. Sp. 


t6 23 21 


' Eq. T. 
.58 s. X '4811 


H.A. 


39 








Cor. Eq. T. 


1, S 35° E 


M. S. E. 
16 = 13-1 9-2 


= 9*34 d. 


long. 



'o 34 33 N Mer. alt. 69 28'i 



o 3077 



MZD 20 3r>jS 

Decl. 10 34*6 N 



o 30-5 



•27 Lat. 9 57*3 S 

Run. d. lat. 13-1 S 

Lat. at time of and obsn. 10 10*4 S 



Long. 3 45 o W 

d. long. — 9 20 E A and B cor. 2'T3, gives 

M. s. TableC2(p.48)posn.- 

Long. at 2nd obsn. 2 35 40 W = 10 227. line N 64°' 6 W. 

For Azimuth by Table D. For Reduction. 

Lat. (dec.) io°'6, Az. (H.A.) 39m. = 9|^, M = 24*0 Az. 25°"5 (p. 31). gives A and B cor. = 2'*i3, which gives 

Lat. (alt.) 67°"3, and M 24*0 gives Az. 25°*5 redn. at i m. (p. 114), 3'*34 x 39 m. = i30'-26 = 2° io'-3 redn. 

2nd Observation (p.m.) 

T. alt. -9- 67 4-9 N 

Redn. 2 235 

Mer. alt. 69 28-4 

MZD 20 3f6S 

A.T. Sp. 17 o 41 o M. s. Decl. 10 357 N 

= Eq. T. o 3077 

•6 s. X '85 h. + '51 Lat. 9 55 9 S 

Cor. Eq. T. o 31 "28 Table C* 2''02 gives posn.-line 

= N 63°7 E. 

For Azimuth by Table D. For Reduction. 

Lat. (dec.) io°-6, Az. (H.A.) 41m. = icj°, M = S2*8. Az. 26°7 (p. 31) gives A and B cor. 2'-02, which gives (p. 114) 

Lat. (alt.) 67-1 and M 22*8 =» Az. 26° 7. redn. at i m., 3"5o x 41 m. = 143*5 — 2° 23"5 redn. 

Position by plane chart: lat. 10° 3'"2 S., long. 2° 5o"5 W. 



M.T. G. 
Long. W 


D. H. M. S. 

17 50 5'- 
- 10 23 


Decl. 

52"-6 X -85 h. 


10 34 58 N 
45 N 


M.T. Sp. 
Eq.T. 


17 40 29 
+ 31 


Ccr. dl. 


10 35 43 N 



As a check on the correctness of the previous work and position found from chart apply the 
longitude now found from the observations to the Green, time, also the equation of time, and wit 
the hour-angle thus found again take out the reduction. 



D. H. M. S. 



Dl. 10-6 N , 

Lat. lO'o S ") A I'oo N 
H.A. 40m. J B I 08 N 

C 2'o8 N gives 

Redn. at i m. » 3"4i x 40 m. = redn. 
I36'"4 = 2° i6"4. 

A Still further confirmation of the correctness of this position may be made by the calculation of 
the H.A. and longitude with this latitude, and the altitude and declination at time of 2nd 
observation. The resulting H.A. is 40m. is., and longitude 2° 50' 30' W. 



M.T. G. 
Long. W. 


17 50 53 
— II 22 


Eq.T. 


17 39 30 
+ 51 


A.T. Sp. 


17 40 I 



T. alt. -9- 
Redn. 


67 49 N 
2 i6*4 


Mer. alt. 

MZD 
Decl. 


69 21-3 

20 387 s 
10 357 N 


Lat, 


10 3'o S 
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PREVrOUS EXAHPLB WORKED BY CALCULATION OF AZIMUTHS AND ARCS (l) AND (2), 



H.A. 
DL 

Arc (r) 


lat. 


Foir Akc (i). 

H. M. 

39 Cos. 
io°34i'N Cot. 

lo 43*6 N Cot. 
ao 40*8 S 


0*72255 


H.A. 

Dl. 

Alt. 

Az. 


Lat. 
Run d. 


9 57-2 S 
13*1 S 


gives 



Lat. at znd obsn. lo 10*3 S 



tst Obseivation (a.m.). 
For Azimuth. 



Sin. 9*ii8'< 
Cos. 9*9926 
Sec. 04134 



Az. 

Alt. 



For Arc (2). 

25 33 
• 67 17*8 



Cos. 9*9553' 
Cot. 9*62157 



67" i7'*8 

O I ' 

25 23 Sin. 9'6348 

gives A & B 2"i2 gives (C*) position-line N 64°-7 W, 



Arc (2) 20 40*8 S Tan. 9^57688 



For Arc (i). 

H. M. 

H.A. o 4] Cos. 9*99^01 

Dl. lo" 35' '7 N Cot. 0*72800 



Arcfi) ID 45-8 N Cot. 0*72101 
» (2) ao 41*5 S 



I^t. 



9 557 S 



2nd Observation (p.m.). 




For Azimuth. 


For Arc (2). 


H.A. . . . Sin. 9*2503 
Dl. . . . Cos. 9*9925 
Alt. 67^:' Sec. 0*4096 

/ 
Az. 26 4ii Sin. 9*6524 


A 2. 26 41^ Cos. 9'95io6 
Alt. 67 4*9 Cot. 9*6261 X 


Arc (2) 20 41*5 S Tan. 9*57717 



gives A & B 2"02 gives (C*) position-line N 63°*7 E. 



Position by chart : Lat. 10^ 3**2 S, long. 2'^ 50' 30^' W. 



POSITION BY CHRONOMETER AND EX-MERIDIAN OBSERVATIONfS OF SUN AND 
MOON WORKED BY DIFFERENT METHODS. 



1898.— On March 30th, at about ih. 24 m. p.m., at ship, observed alt. of d 's U.L. was 27° 57' 
east of meridian when a chronometer indicated M.T.G. 2h. 18 m. 57 s., and after running on an east 
course 2 miles the O's L.L. was observed to be 32° 51' when the chronometer indicated 2h. 26 m. 
35 s. Lat. by D.R. 58° 2^' N., long. 12° 30' W., height of eye 35 ft. 



tst Observation, d. 



M.T. Green 
Sid. T. (G. noon) 
Accl. 2 b. 19111. 

Sid. T. Greea. 



D. H. M. S. 

30 2 18 57 
+ 31 34*8 

+ 22*8 



H. M. S. 

d's R.A. 2 bars. 6 55 51*6 
2*135. X 19m. + 40*5 

Cor. R.A. 



6 56 32*1 



d 's decl. ahrs. 23 46 57 N 
5"*44 X 19m. - I 43 



Cor. decl. 
P.D. 



23 45 14 N 
66 14 46 



Obsd. alt. d 's U.L. 
Dip. 35 ft. 



2 50 54*6 Semi-d. 



App. alt. d 's centre 
Cor. T. 29t> Raper 
H.P. 54' 16" 

T. alt. d 's centre 




•459 S 

•458 N 



C *ooi S 
gives Az. 90° 

Run east 2 m. = d. long. 3"8. 



S 
S- A 



28 22^ 
58 2J 

66 15 

152 40 

76 20 
47 57i 



H.A. 
d's R.A. 

Sid. T. Sp. 
Sid. T. G. 

Long, in time 

Long. 
Run 



H. M. S. 

4 56 o 
6 56 32*1 

2 o 32*1 
2 50 54*6 

50 22*5 



Sec. 
Cosec. 



Cos. 
Sin. 



12 35 38 W 
3 48E 



Long, at 2nd obsn. 12 31 50 W 
Long, in time 50 7*3 



0*27630 
0*03843 



9*37341 
9.87079 



Hav. 955893 
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2nd Observation, ©. 

o < H. M. S. M. S. 

Obsd. alt. 0's L.L. 32 51 S M.T.G. 2 26 35 Eq. time 4 28-S 

35 ft. cor. (p. 60) + 9 Long. W 50 7*3 '768. x 2 '41118. — I'S 

T. alt.'O's centre 33 o S M.T. Sp. i 36 277 Cor. Eq. T. 4 27-0 

H M. H.A. I 32 0*7 

H.A. I 32 W , o , « 

Lat. 58° o' N ) A 377 S 0'8 decl. 3 53 21 N 

■ Dl. 3°56'N f B -18 N 58"-2 x «-4hrs. 2 20 N 

C 3*59 S gives Az. S 27°7 W. Cor. decl, 3 55 41 N 



H. M. 

H.A. I 32 •) Arc. 
Decl. 3° 55'7NiDl. 


cor 


1 

. + 20-2 

3 557 


Arc (I) . 

. (2) . . . 




4 15-9 N 

53 44'4N 


Lat 




58 0-3 N 



Lat. by Ex-meridian Table No. 3 

Alt. 

Az. S277W / Z.D. 57 o'o 



Alt. _ 33*o \ Arc cor. — 3 15 "6 



Arc (2) 53 44'4 N 



Lat. by Ex-meridian Table No. 2. 

By reference to page 117 it will be seen that with a low latitude and high declination this 
table may be used without appreciable error to about 2 hours from ' the meridian. Therefore, by 
transposing lat. and dec. the same wide range maybe obtained. The example below illustrates 
this case. 



H.A. 


H. M. 
I 32 




Lat. (dec.) 


3°56'N ) A 
58^ o'N 1 B 


•16 S 


Dec. (lat.) 


4-10 N 



C 3J94N gives (p. 118) 
i"i04 X 92m. = I75"i68 = 2° 55"2 redn. 



T. alt. 
Redn. 


33 0-0 S 
2 55'2 


Mer. alt. 


35 55-2 


M.Z.D. 
Decl. 


54 4-8 N 
3 557 N 


Lat. 


58 0-5N 



Correctness of^Work by the above Methods with Ex-meridian Tables Nos. 2 and 

proved by rigorous calculation. 



H.A. 
Decl. 


H. M. 
I 32 

3° 55' 41" N 


Cos. 
Cot. 


9-964026 
1-163267 


Cosec. 


1-164289 


Arc (I) 


^5 58N 


Cot. 

O's alt. 


1-127293 


Sin. 
Sin. 


8-871502 




33° 0' 


9736109 


• (2) 


53 44 30 N 
58 28 N 






Cos. 


9771900 


Lat. 
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DIFFERENT METHODS OF FINDING THE SHIPS POSITION AT SEA EXPLAINED- 



No. I. — By Equal Altitudes and Ex-meridian. 

1898.— On June 21st, at sea, in lat. by D.R. 18° 23' N.. long. 69° 53' E. Shortly before and 
again soon after noon at ship the obsd. alt. of sun's L.L. was 84° 20' N., when a chronometer in- 
dicated G.M. Times 2od. igh. 11 m. 12s. and 2od. igh. 31m. 24s. respectively. Course and" 
distance run in interval between observations East ^fm., height of eye 35ft. Required, f position 
of ship resulting from observations and sun's azimuths. 



M.T.G. (a.m.) 
M.T.G. (p.m.) 



H. M. S. 
19 II 12 

19 31 24 

2 ) 38 42 36 



Middle time by chon. 
Eq. of time 

A.T. Green, (at Sp. noon) 
A.T. Sp. 

Long, in time 

Longitude at noon 



19 21 ]8 
- I 28 



19 19 50 
24 o o 



M. s. 
Interval 20 12 

Run, 5 miles E +20 

2 ) 20 32 



2 30 E. 



H.A. 



10 16 



Eq. T. 2ist I 30-6 
Cor. - 2-5 



Cor. Eq. T. i 28-1 



s. hrs. 
•55 X 4-6 



-30 
220 



2"530 



Run, E 4I miles dep. = s'o d. long. 



H.A, 

Alt. 

Dec. 



For A21MUTH 
M. s. 
10 16 
84 30 N 
23 27 N 



Sin. 8-6511 
Sec. 1*0184 
Cos. 9'9626 



Az. N. 25 23 E 



Sin. 9-6321 



Az. 25-4 I gives A and B cor. 2-2» 

o I (P- 31). 

Lat. 18^ N ) 



Latitude by No. 3 Ex-meridian Table. 

Obsd. alt. O's L.L. 84 20 N 

M. s, o / Cor. (p. 60) + 10 

H.A. 10 16 \ Arc cor. + i'2 * 

Decl. 23° 27' N ) Dl. 23 27-0 T. alt. -0- 84 30 N f Arc cor. - 31-8 

Az. 23''-4 1 ZD 5 30-0 

Arc (I) 23 28-2 N 

• (2) 4 58-2 S Arc (2) 4 5S-2 S 

o / « ^^^^~ 

Lat J 8 30*0 N, and long, by equal altitudes at noon 70 2 30 E. 



Latitude by No. i Ex-meridian Table. 



A and B cor. 2*22 gives red", at i = 3*215 x loj 



Reduction 



32-15 
-804 



32-954 



True alt. 


8430N 


Redn. 


+ 33 


Mer. alt. 


85 3N 


MZD 


4 57S 


Dec 


23 27 N 



7^^- 



18 30 N 



Above Example worked by the "Sumner" Method from Two Ex-meridians_ 



tst Observation. 

D. H. M. 8. 

30 19 II 12 
+ 4 39 32 



M.T. Green. 
Long. 69° 53' E 



T. alt 84 30 N 



2nd Observation. 

D. H. M. R. 

20 19 31 24 
+ 4 39 52 



M.T. Green. 
Long. 69° 58' E 



M.T. Sp. 
Eq. of time 


20 


23 50 44 
- I 28 


M.T. Sp. 
Eq. T. 

A.T. Sp. 

H.A. 


21 II 16 
- I 28 


A.T Sp. 




23 49 16 

24 


21 9 48 
9 48 


H.A. 


10 4^ 
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For Azimuth?. 



1 

Dec. 23 27 Cos. 9*9626 ....... Cos. 9-9626 

Alt. 84 30 Sec. 1-0184 * Sec. 1*0184 

H.A. 10m. 44s. Sin. 8-6704 H.A. 9m. 48s. Sin. 86309 

.A.Z. N2637E Sin. 9-6514 Az. N 24 9W Sin. 9-6119 

Az. a6°*6 gives Table C (p. 31), A & B 2'-io gi\ es position- Az. 24**2 gives Table C (p. 31), A & B 2'-35 gives positicn- 

line C2 (p. 4b) N 64^° W. line by Ca (p. 48)IN 67° E. 

A.M. Obseivation. 

(p. 144«) (Fx-meridian Table No. 3.) (p. 148.) 

**• ^' O / / o / 

H.A. 10 44 \ Cor. + 1*2 Alt. 84 30 N ) Arc. cor. - 34*9 

Dec. 23 27 N ) Dec. 23 27 Z D 5 30 I Z D 5 30*0 

Az. N26°-6 r 

Arc (I) . . . 23 28*2 N ; Arc(2) 4 55'i S 

• (2) . .4 55*1 S 



18 33*1 N and posn.-line N 64^° W. 



(p. 144.) P.M. Obseivation. (p. 748.) 



H.A. 9 48 ) Arc cor. +1-1 Alt. 84 30 N 

Dec. 23 27 N ) Dec. 23 27-0 Z D 5 30 

Az. N 24°- 15 

Arc (I) . . . .23 8-1 N 
• (2) . . . .51-48 



Arc cor. 28*6 
ZD 5 30*0 



Arc (2) 5 1*4 S 



Lat 18 26-7 N and posn.-line N 67° E. 

Posn. from chart : 18° 29**7 N, 70° 5"i E, at time ot 2nd obsn. 



Previous Example worked as a Double Altitude from Two Longitudes by Chronometer. 
A.M. Observation. For A and B Cor. P.M. Observation. 

O i M. 8. D. H. M. S. 

A 84 30 H.A. 9 10 Cot. 1*3977 Cosec. 1-3981 

L 18 23 Sec. 0-0227 Lat. ih° 23' Tan. 9-5216 Dl. tan. 9*6373 

3 66 33 Cosec. 0-0374 



A 8-31 S Log. 0-9193 B io'*85 log. 1-0354 

169 26 B 10-85 N -^^^^ == 

S 84 43 Cos. 8-9642 2-54 N to W, ist obsn. 

S — A o 13 Sin. 7"5777 2-54 N to E, nd obsn. 

D. H. M. s. 5'o8 

H.A. o 9 10 Hav. 6-6020 

lat. 



A.T. Sp. 20 23 50 50 
Eq. T. + 1 28 


d. long. 

Lat. 
Cor. 

Lat. in 


d. long. 


M.T. Sp. 20 23 52 18 
M.T. G. 20 19 II 12 


• 33' • 


Long, in time 4 41 6 


18 23 N 
6iN 

18 29J N 


Long. 70 16 30 E 
Run east 5 E 


Long, at 2nd obsn. 70 21 30 E 





A.T. 
Eq.' 


;. in t 


21 


9 

+ I 


10 
28 


M.T 
M.T 


21 
20 


10 
19 31 


38 
24 


Lon§ 


me 


4 39 


14 


Lon^ 

It 


f.(2) 

(I) 




69 48 30 E 

70 ai 30 E 


Diflf. 


long. 




33 






lat. 

6' -5 cor. 




Long. 


^ 48 30 E 
16 30 E 


Long, in 


70 5 oE 



2*54 X 6*5 » 16-5 



With so high an altitude the resulting position will not be strictly accurate unless the D.R. 
lat. worked with is very near the truth. The A and B cor. for the true H.A. and true lat. was 
found to be 2' -22, giving the mean cor. 2' -38. The true cor. for the D.R. lat. would therefore be. 
found by the proportion 4'76 : 33' o :: i' : 7'o. 



By Authority : John Mackay, Government Printer, Wellington.— 1908. 

r 1, 000/3/08— 3470 
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AZIMUTHS AND GREAT=CIRCLE SAILINO, 
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NEW AND IMPROVED ** SUMNER" METHOD. 
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PRICE, 2« NEW ZEALAND* 2«. 3d 

EXTRACTS FRnM tETTERS Tf) THE AUlUflR BY NAlJTICAi rXPPRTS 
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Thie 1907 issue of the ** New Zealand Nautical Almanac and Tide Tables " is one 
of the most complete editions of its kind ever issued in the world. In addition to the 
\ifluftl comprehensive instruction and -information to mariners it contains directions 
for saviiig life from drowning, instructions for Saving life by the rocket apparatus, regu- 
lations for preventing eolHsions at sea, international code flags und instructions how to 
signal, bar, tide, storm, distress, and various harboiu? signals, mostly iUustrated by the 
signs and flags used. A coloured lighthouse chart of the general coast and principal 
liar hour lights of New &aland shows at a glance the position and radius of the different 
lights, the coloured signals indicating the kind of light. There is extensive information 
concerning Lyttelton, » with plans of the port and inner harbour. Everything has been 
brought up to date, and as a result of observations extending over two years the editor 
(Captain Blackburne) has modified to some extent the time differences supplied to the 
Department by, the superintendent of the -United States Coast and Geodetic Sutvey 
regarding high and low water. Not the least valuable feature of the issue is the inclu- 
sion of two good maps of North and South Islands, showing railway-tinee, opaoh-roads, 
and sea routes, with the distances by sea marked on them. / 

[Fron\ the Evening Post, 23'rd December, 1904.} , 

The *' New Zealand Nautical Alpaanac " for 1905 is the tl%d edition of a volume now 
regarded as almost indispensable to mariners around the shores of New Zealand. Cap- 
tain H. S. Blackburne, Nautical Adviser to the Marine Department, has in this pub- 
lication organized and inaugurated a work wliich will always b^ of service to the sea- 
faring ot)mmunity in these islands. This year it shows signs of lively development, 
and apparently no pains have been spared to make it as interesting and valuable as 
possible to "all interested in 'seafaring. It contains a number of good maps qn'd plans 
which illustrate not only the coast-line and parts of the colony, but also the chief interior 
lines of communicatipn; A very full and systematic description is given of all the chief 

' ports of New Zealand, and include the latest results of the survey of H.M.S. *' Penguin." 
The tide tables are now shown "clearly in separate columns for high and low water, as 
well as giving columns for morning and afternoon tides. This is a matter of importance 
to harbours with bars. At the expenditure of evident labipur and care the author has 
revised the distances between aii extended number of New Zealand ports, and also between 

. foreign ports. The results differ from those hitherto published in guides, &c,, but we 
understand that reliance may be placed upon them. Captain Blackburne, with all the 

' latest Admiralty information regarding ice, currents, &c., before him, and by his own 
knowledge and practical experience, has laid down the best courses for sh^ps to follow 
between the various* ports, including voyages to and from England via Cape Horn and - 
Cape Town, and he remarks : " If these courses were agreed upon by the different ocean- 
going steamers it would be helpful in knowing where to look in case of a breakdown."- 
A new table gives the distances and speed time between thirty- five different New Zealand 
and the same number of foreign ports, so that, taking the known speed Of a certain ship, 
say, the Rotomahana or the Monowai, and with information as to the time of departure 
by this table it may be readily found when she is due at her destination. The use of 
this is evident to those who await steamers, and the tedium of travel also may be relieved 
by reference to the tables and positions on the coast, &c., easily ascertained by voyagers 
for themselves. We notice that previous issues of this work have won the highest com- 
mendation from authorities and journals in England, especially for the valuable tables 
for finding a ship's position at any time, which Captain Blackburne has had the dis- 
tinction of originating. These are said to be already in daily use on many of the largest 
mail steamers of the world, and will in time, it is expected, be used in the Board of Trade 
examinations for foreign-going certificates. It is announced that another edition of the 
tables, worked out more extensively, will shortly be published in a separate volume, 
apart from the Almanac. Captain Edwin, R.N. , Weather Reporter to the Marine 
Department, has contributed two valuable pages of the fruits of his long experience 

'of New Zealand atmospheric conditions, which will be read with interest. The book 
will be very useful for reference to the general public, for whom are given concise tables 
showing the latest postal, railway, and steamer information for travellers. Esperially 
we notice the latest New Zealand mail and express passenger services by railway tnd 
steamer. We beheve that such a compilation for the use of mariners is not produced 
by any other colony, and, the moderate price at which it is now issued by the Government 
Printer will place it within the reach of all^who have use for such a publication. 



By Authority: John Mackay, Government Printer, Wellington.— 1908. 
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